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POLYALKYLENE POLYMER COMPOUNDS AND USES THEREOF 



FIELD OF THE INVENTION 

The invention relates to novel polyalkylene glycol compounds.'^conjugates of the 
polymers and proteins, and uses thereof. 

5 BACKGROUND OF TEffi INVENTION 

Covalent attachment of hydrophilic polymers, such as polyalkylene glycol polymers, 
also known as polyalkylene oxides, to biologically-active molecules and surfaces is of interest 
in biotechnology and medicine. 

In particular, much research has focused on the use of poly(ethylene glycol) (PEG), 
10 also known as orpoly(ethylene oxide) (PEO), conjugates to enhance solubility and stability 
and to prolong the blood circulation half-life of molecules. 

In its most common form, PEG is a linear polymer terminated at each end with 
hydroxyl groups: 

HO-CH2CH20-(CH2CH20) n-CHzCHi-OH. 
15 The above polymer, alpha-, omega-dihydroxylpoly(e%lene glycol), can also be 

represented as HO-PEG-OH, where it is understood that the .-PEG-symbol represents die 
following structural unit 

-CH2CH20-(CH2CH20)„-CH2CH2- 

where n typically ranges from about 4 to about 10,000. PEG is commonly used as methojcy- 
20 PEG-OH, or mPEG. in which one terminus is the relatively mert methoxy group, whfle the 

other terminus is a hydroxyl jgroup fliat is subject to ready chemical modification. 

Additionally, random or block copolymers of diflFerent alkylene oxides (e.g., ethylene oxide 

and propylene oxide) Aat are closely related to PEG in flieiir chemistry can be substituted for 

PEG in many of its applications. 
25 To couple PEG to a molecule of interest, it is often necessary to activate the PEG by 

prq)aring a derivative of the PEG having a reactive functional group at least at one terminus. 

The functional group is chosen based on the ^e of available reactive group on the molecule 

that will be coupled to the PEG. 

PEG is a polymer having flie properties of solubility in water and in many organic 
30 solvents, lack of toxicity, and lack of immunogenicity. One use of PEG is to covalently attach 

the polymer to insoluble molecules to make the resulting PEG-molecule "conjugate" soluble. 
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For example, it has been shown that the water-insohible drag paclitaxel, when coupled to PEG, 
becomes water-soluble. Greenwald, et al, 1 Org. Chent, 60:331-336 (1995). 

The piodrog approach, in which drags are released by degradation of more complex 
molecules (prodrags) under physiological conditions, is a powerful component of drag 

5 deliveiy. Prodrags can, for example, be formed by bonding PEG to drags via linkages which 
are degiadable under physiological conditions. The lifetfane of PEG prodrugs in vivo depends 
upon flje type of functional group(s) forming linkages between PEG and the drag. In general, 
ester linkages, formed by reaction of PEG carboxylic acids or activated PEG caiboxylic acids 
with alcohol groups on the drag hydrolyze under physiological conditions to release the drag, 

10 while amide and carbamate linkages, formed from amine groups on the drag, are stable and do 
not hydrolyze to release the free drag- It has been shown that hydrolytic deliveiy of drags 
from PEG esters can be favorably controlled to a certain extent by controlling the number of 
linking methylene groups in a spacer between the tenninal PEG oxygen and the carbonyl group 
of the attached carboxylic acid or carboxylic acid derivative. For example, Harris et al, in 

15 U.S. Patent No. 5,672,662, describe PEG butanoic acid and PEG propanoic acid, and activated 
derivatives thereof, as alternatives to caiboxymethyl PEG for compounds where less hydrolytic 
reactivity in the corresponding ester derivatives is desirable.. See, gpnecaUy, PCT publication 
WO 01/46291. 

One factor limiting the usefulness of proteinaceous substances for medical treatment 
20 applications is that, when given parenterally, fliey are eliminated from flie body within a short 
time. This elimination can occur as a result of degradation by proteases or by clearance using 
normal pathways for protein elimination such as by filtration in the kidneys. Oral 
administation of these substances is even more problematic because, in addition to proteolysis 
in the stomach, the high acidity of the stomach destroys these substances before they reach 
25 their intended target tissue. The problems associated with these routes of administration of 
proteins are well known in the pharmaceutical industry, and various strategies are being 
employed in attempts to solve them. A great deal of work dealing with protein stabilization 
has been published. Various ways of conjugating proteins with polymeric materials are 
known, including use of dextrans, polyvinyl pyrrolidones, glycopeptides, polyethylene glycol, 
30 and polyamino acids. The resulting conjugated polypeptides are reported to retain their 
biological activities and solubility in water for parenteral applications. 

Of particular interest is increasing the biological activity of interferons while reducing 
the toxicity involved with use of these proteins for treating human patients. Interferons are a 
family of natuially-occuiring small proteins and glycoproteins produced and secreted by most 
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nucleated cells in nspoastt to viral infection as weH as to oflier antigenic stimuli InteiferOTS 
render ceUs lesislant to viral infection and exMbit a wide variety of actions on cells. Hiey 
«ceit their cellular activities by binding to speaRc membrane receptors on the cell surface. 
Oroe bound to fbe cell membrane, interferons initiate a complex sequence of intracellular 
5 events. In vitro studies have demonstrated that these include the induction of certain enzyme^ 
suppression of cell proliferation, immunomodulation activities such as enhancement of flie 
phagocytic activity of macrophages; augmentation of tiie specific cytotoxicity of lymphocytes 
for target cells; and inhflrition of virus replication in virus-infected cells. 

Interferons have been tested in flie treatment of a variety of clinical disease states. The 
10 use of human interferon beta has been established in the treatment of multiple sclerosis. TVo 
forms of recombinant interferon beta, have recentiy been licensed in Europe and the U.S. for 
treatment of this disease: interferon-beta-la (AVONEX * , Biogen, Inc., Cambridge, MA and 
REBIF *• Seiono, Geneva, Switzerlan<0 and interferon-beta-lb (BETASERON*, Berlex, 
Richmond, CA). Interferon beta-la is produced in mammalian cells using tiie natural human 
15 gene sequence and is glycosylated, whereas interferon beta-lb is produced in E. coli bacteria 
using a modified human gene sequence tiiat contains a genetically engineered cysteine-to- 
serine substitution at amino acid position 17 and is non-glycosylated. 

Non-immune interferons, which include both alpha and beta interferons, are known to 
suppress human immunodeficiency virus (HIV) in bofli acutely and chronically-infected cells. 
20 See Poli and Fauci, 1992, AIDS Research and Human Retroviruses 8(2):191-197. Due to their 
antiviral activity, interferons, in particular alpha interferons, have received conaderable 
attention as therapeutic agents in flie treatonent of hepatitis C virus (HCV>related disease. See 
Hoofijagle et al., in: Vital Hepatitis 1981 International Sympoaum, 1982, Philadelphia, 
Franklin Institute Press; Hoofiiagje et al., 1986, New Eng. J. Med. 315:1575-1578; Thomson, 
25 1987, Lancet 1:539-541 Kiyosawa et al.. 1983, in: Zuckemwn, ed.. Vital Hepatitis and Liver 
Disease. Allen K. Uss,New Yoikpp. 895-897; Hoofiiagle etal., 1985, Sem. Uv. Dis., 1985, 
9:259-263. 

Interfcioni)olymer conjugates are described in, for example, U.5. Pat No. 4,766,106, 
U.S. Pat No. 4,917,888, European Patent Application No. 0 236 987, European Patent 
30 Application No. 0 510 356 and International Application Publication No. WO 95/13090. 

Chronic hepatitis C is an insidious and slowly progressive disease having a significant 
impact on the quality of life. Despite improvement in the quality of the blood-donor pool and 
the recent implementation of testing of donated blood for HCV, the estimated mcidence of 
acute infection among persons receiving transfusions is 5 to 10%. See Alter et al., m: 
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Zuckennan, ed., Viial Ucpa&is and Liver Disease, Allen K. Liss, New York» 1988, pp. 537- 
542. Thus, of flie approximately 3 million persons who receive transfusions in the United 
States each year, acute hepatitis C will develop in about 150,000. While many patients who 
contract hepatitis C will have subclinical or mild disease, approximately 50% will progress to a 
5 chronic disease state characterized by fluctuating serum transaminase abnomialities and 

inflammatoiy lesions on liver biopsy. It is estimated that cinhosis will develop in up to about 
20% of this group. See Koretz et al., 1985, Gastroenterology 88:1251-1254. 

Interferons are known to affect a variety of cellular functions, including DNA 
replication, and RNA and protein synthesis, in both normal and abnormal cells. Thus, 

10 cytotoxic effects of interferon are not restricted to tumor or virus-infected cells but are also 
manifested in normal, heal^y cells. As a result, undesirable side effects may arise during 
interferon therapy, particularly when hig^ doses are required. Administration of interferon can 
lead to myelosuppression, thereby resulting in reduced red blood cell count, and reduced white 
blood cell and platelet levels. Interferons commonly give rise to flu-like symptoms (e,g., fever, 

IS fatigue, headaches and chills), gastrointestinal disorders (e.g., anorexia, nausea and diairiieaX 
dizziness and coughing. Often, the sustained response of HCV patients to non-PEGylated 
interferon treatment is low and Ihe treatment can induce severe side effects, including, but not 
limited to, retinopathy, diyroiditis, acute pancreatitis, and depression. 

The undesirable side effects that accompany interferon therapy frequently limit the 

20 therapeutic usefulness of interferon treatment regimes. Thus, a need exists to maintain or 

improve the therapeutic benefits of such therapy while reducing or eliminating the undesirable 
side effects. 

SUMMARY OF TEffi INVENTION 

The invention relates to novel polyalkylene gilycol conq>ounds, conjugates of these 
25 compounds, and uses di^reof. 

In one aspect, the invention relates to an activated polyalkylene glycol polymer having the 
structure according to Formula I: 

Formula I 

P— X— (CH2);; Q— 00;; — (CH2)n 



Z 



C-|(CH2)5 R 



P 



30 wherein P is a polyalkylene glycol polymer; 
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X and Y are independently O, S, CO, CO2. COS, SO, SO2, CONR\ SO2NR', orNR'; 
Q is a C3 to Cs raturated or pnsatuiated cyclic alkyl or cyclic heteioalkyl (including 
fused bicycHc and bridged bicyclic ring structures), a substituted or unsubstituted aiyl or 
heteroaryl group, or a substituted or unsubstituted alkaryl wherein the aUkyl is a Ci to Q20 
5 saturated or unsaturated aBcyl orheteroalkaryl group, wherein flie substituents are selected 
fiom the group consisting of halogen, hydroxyl, carbonyl, cafboxylate, ester, formyl, acyl, 
fliiocarbonyl, thioester, thioacetate, thiofonnate, alkoxyl, phosphoryl, phosphonate, 
phosphmate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfete, 
sulfonamido, sulfonyl, heterocyclyl, aialkyl, aromatic moiety, heteroaromatic moiety, imino, 
10 sulfamoyl, sulfonate, silyl, efeer, and alkylthio; 

each R', Z and Z* is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated C 1 to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cycUc heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a C| to C20 saturated or unsaturated alkyl or 
15 heteroalkaryl group, wherein flie substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 
tirioacetate, thiofonnate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfemoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, sul&moyl, 
20 sulfonate, silyl, ether, andalkylthio; 

R is a moiety suitable for forming a bond between flie compound of Formula I and a 
biologically-active compound or precursor thereof; 
misOorl; 

each n is independently 0 or an integer from 1 to 5; and 
25 pis 1,2, or 3. 

In another aspect, the invention relates to an activated polyalkylene glycol compound 
(PGC) having the structure according to Formula la: 

Formula la 

P X Q (Y)5 (CH2)ir-<» ^ 

Z 

30 where Pisa polyalkylene glycol polymer, m is zero or one, n is zero or an integer from one to 
five, and X and Y are independently O, S, CO, CO2, COS, SO, SQ2, CONR', SOzNR', or NR' . 
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Q is a C3 to Cg saturatEd or unsaturated cycKc alkyl or cyclic heteroalkyl, a substituted 
or unsubstituted aiyl or heteioaryl group, or a substituted or unsubstituted alkaiyl wherein the 
alkyl is a Ci to C20 saturated or unsaturated all^l or heteioalkaiyl group. If present, the 
substituents can be halogen, hydroxyl, caiboir/1, carboxylate, ester, formyl, acyl, thiocaibonyl, 

5 thioester, thioacetate, fliiofoimate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, 
amido, amidine, imine. cyano, nitro, azido, sulfhydryl, sulfate, sulfonamido, sulfonyl, 
heterocyclyl, axalkyl, aromatic moiety, heteroaromatic moiety, imino, sulfamoyl, sulfonate, 
silyl, ether, or alkylthio. Heterocyclic and caibocycKc groups include fused bicyclic and 
bridged bicyclic ring structures. 

10 Each R' and Z is independently hydrogen, a straight- or branched-chain, saturated or 

unsaturated Ci to C20 allQrl or heteroallgrl group, C3 to Cg saturated or unsaturated cycUc alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated allqrl or 
heteroalkaryl group. The substituents can be halogen, hydroxyl, carbonyl, caiboxylate, ester, 

1 5 formyl, acyl, thiocaibonyl, ftioester, thioacetate, thioformate, alkoxyl, phosphoryl, 

phosphonate, phosphinate, ammo, amido, amidine, imine, cyano, nitro, azido, sulfliydryl, 
sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aialkyl, aromatic moiety, 
heteroaromatic moiety, imino, silyl, ether, or alkylfliio. 

Compounds which include chiral carbons can be in the R configuration, the S 

20 configuration, or may be racemic. 

R is a moiety suitable for forming a bond between the compound of Formula I and a 
biologically-active compound or precursor thereof. 

In one embodiment, R is a carboxylic add, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, aoylate, methaciylate, acrylamide, substituted 

25 or unsubstituted thiol, halogen, substituted or unsubstituted amme, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, or a glyoxal moiety. 

In certain embodiments, P is a polyethylene glycol having the stracture of Formula II: 

30 Formula H: 

E-(0-CH2CH2)a-^ 

where E is hydrogen or a straight- or branched-chain Ci to C20 alkyl group and a is an integer 
from 4 to 1 0,000. For example, E can be a methyl group. 
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In Other embodinMsnIs, E can be a detectable label, such as, for example, a ladioactive 
isotope, a fluorescent moiety, a phosphorescent moiety, a chemfluminescent moiety, or a 
quantum dot 

In yet other embodiments, E is a moiety suitable for forming a bond between the 
5 compound of Foimula I and a biologjcaDy-active compound or precursor thereof. For 
example, E canbe a caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpytidine, 
10 iodoacetamide, epoxide, hydroxysuccinimidyl. azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, or a gjyoxal moiety. 

In stai other embodiments, E has the structure according to Formula HI or Formula IV: 

Foimtila m 

R" W:—{CHi)i (Y)„ Q ^X— CW2CW2 

z 

25 Formula IV 

R« HC— (CH2)5 X CW2CW2 

Z 

where each Q, X, Y, Z, m, and n are, independently, as defined above; and each W is, 
independently, hydrogen or a Ci to C7 allqrl. 

R" is a moiety suitable for forming a bwid between the compound of Formula ID and a 

20 Wologicany-active compound or precursor thereof and R"* is a moiety suitable for forming a 
bond between flie compound of Formula IV and a biologically-active compound or precursor 
fliereof. For example, R" and R'" can be a carboxylic acid, ester, aldehyde, aldehyde 
hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, mefliacrylate, 
acrylamide, substituted or unsubstituted thiol, halogen, substituted or unsubstituted amme, 

25 protected amine, hydrazide, protected hydrazide, succinimidyl, isocyanate, isothiocyanate, 

dithiopyridine. vinylpyridine, iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, 
sulfone, aUyl, vinylsulfone. tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl. or a glyoxal 
moiety. R" and R"* can be the same or different from R. 

In particular embodiments, Q is a substituted or unsubstituted alkaryl. 

30 In anoflier aspect, the invention relates to an activated PGC having fl»e structure 

according to Formula V: 
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Fonnula V 

( 

— T2 CO^ (CH2)5-CH R 

z 

(L)d 

where P, X, Y, R', Z, R, m, and n are as defined, and Ti and T2 are, independently, absent, or a 
straight- or branched-chain, saturated or unsaturated Ci to C2oalkyl or heteroalkyl group, a C3 
5 to Cs saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or unsubstituted 
aiyl or heteroaryl group, or a substituted or unsubstituted alkaryl wherein alkyl is a Ci to 
C20 saturated or unsaturated alkyl or heteroalkaryl group. The substituents can be halo^ 
hydroxyl, caibonyl, caiboxylate, estw, fonnyl, acyl, thiocaibonyl, thioester, thioacetate, 
fliiofonnate, aDcoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, anridine, imine, 
10 cyano, nitro, azido, sulftydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, 

heteiocyclyl, arall^l, aromatic moiety, heteroaromatic moiety, imino, silyl, eflier, ot alkyltbio. 

L may be absent (e.g., d is zero) or fliere may be from one to four (e.g., n is an integsr 
from one to four) L substituents on 4e aromatic ring in addition to the Ti and Tj substituents, 
and each L is, indq)endently, a straight- or branchied-chain, saturated or unsaturated d to C20 
15 alkyl or heteioalk^ group, Cj to Cg saturated or unsaturated cyclic allqrl or cyclic heteroalkyl, 
a substituted or unsubstituted aiyl or heteroaryl group or a substituted or unsubstituted alkaiyl 
•whetem flie alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group. The 
substituents are selected fiom halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, 
diiocaibonyl, thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, 
20 phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, 
sulfamoyl, sulfonamido, sulfonyl, heterocyctyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, ether, and alltylthio. 

R is a moiety suitable for forming a bond between the compound of Formula V and a 
biologically-active compound or precursor thereof. For example, R is chosen fiom carbojtylic 
25 acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
acrylate, methaciylate, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isofliiocyanate, ditiiiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, aUyl, vinylsulfone, treqrl, sulfo-N- 
30 succinimidyl, dione, mesyl, tosyl, and glyoxal. 
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In one embodiment of flie activated polyalkylene glycol polymer of Fomiula V, P is a 
polyediylene glycol having fte structiue of Fonnula H: 

Fonnula n: 
E-CO-CHjCHz),-^ 

5 where E is hydrogen or a straight- orbnmched^shain Ci to C20 alkyl group and a is an 

integer tmrn 4 to 10,000. For example, E can be methyl. In o&er embodiments, E is a 
detectable label, such as, for ratample, a radioactive isotope, fluorescent moiety, 
phosphorescent moiety, chemiluminescent moiety, or a quantum dot 

In anoflier aspect P is a polyethylene glycol having the structure of Fonnula H: 
jQ Formula II: 

E-(0-CH2CH2)8-^ 

where E is a moiely suitable for fonning a bond between the compound of Fonnula V and a 
biologically-active conqwund or precursor Ihraeof and a is an integer from 4 to 10,000. For 
example, E is chosen fiom carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 

15 protected hydroxy, carbonate, aDcenyl, aciylate, methacrylate, acrylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone. aUyl, vinylsulfone, 
tre^l, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal moieties. 

20 In another aspect, E has the stracture according to Fonnula HI or Formula IV: 

Fonnula JR 

R" ^HC— (CHj);; (Y)„— Q— X— CW2CW2 

Z 

Formula IV 

R" nC—(Ca2)i X CW2CW2 — 



Z 

25 where Q is a C3 to Cs saturated or unsaturated cyclic alkyl or cyclic heteroalkyl (including 
fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aryl or 
heteroaryl group, or a substituted or unsubstituted alkaryl; the alkyl is.a C, to C20 saturated or 
unsaturated alkyl or heteroalkaryl group, and fee substituents can be of halogen, hydroxyl, 
carbonyl, caiboxylate, ester, fonnyl, acyl, thiocarbonyl, tbioester, thioaoetate, thiofonnate, 

30 alkoxyl, phosphoryl, phosphonate, phoq>hinatB, amino, amido, amidine, imine, cyano, nitio. 
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azido» sulihydiyl, sulfate, sulfonate, suliamoyl, sulfonamido, sulfonyU heterocyclyl, aialkyl, 
aromatic moiety, heteioaromatic moiety, imino, silyl, ether, or alkylthio. . 

X, Y, Z, la, and n are as defined, and each W is, independently, hydrogen or a Ci to C? 
allcyl; and R" is a moiety suitable for forming a bond between the compound of Formula in 
5 and a biologically-active compound or precursor thereof, and R'" is a moiety suitable for 
forming a bond between the compound of Formula IV and a biologically-active compound or 
precursor thereof 

In certain embodiments, R" and R*" can be the same as or diflFerent from R, and are 
chosen from carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 

10 hydroxy, carbonate, alkenyl, acrylate, methacrylate, aciylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocyanate, isothiocyanate, didiiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal moieties. In one embodiment of 

15 the compound of Formula V, X and Y,ifpiesent, are oxygen. 

In another aspect the invention relates to an activated PGC having the stmcture 
according to Formula VI: 



20 where P is a polyaDg^lene glycol polymer, m is zero or one, n is zero or an integer from one to 
five, X and Y are independenfly O, S, CO, CO2, COS, SO, SO2, CONR', S02NR\ or NR', and 



Ci to Cioalkyl orheteroalkyl group. 

Each R^ and Z is, independently, hydrogen, a straight* or branched-chain, saturated or 
25 unsaturated Ci to C20 alkyl or heteroalkyl group. 

d is zero or an integer from one to four, and each L is, independently, a straight- or 
branched-chain, saturated or unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cg 
saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or unsubstituted aryl or 
heteroaiyl group or a substituted or unsubstituted alkaryl wherein the alkyl is a Ci to C20 
30 saturated or unsaturated alkyl or heteroalkaryl group. The substituents are selected from 
halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, thiocarbonyl, thioester. 



Formula VI 




Ti and T2 are, independently, absent, or a straight- or branched-chain, saturated or unsaturated 
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tfiioacetatB, thiofonnate, alkoxyl, phosphoiyl, phosphonate, phosphinate, ammo, amido, 
amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heten)cyclyl, aralkyi, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, or 
all^lfliio moieties. 

In one embodiment, the activated PGC according to Formula VI has die stracture 
according to Formula Vn or Formula VIII: 

Formula VII: 




Formula Vni: 




H 



H 

In one embodiment of the activated polyalkylene glycol compounds of Formulae VH 
and Vni, P is a polyethylene glycol having the structure of Formula II: 

Formula II: 
E-(0-CH2CH2)a-^ 

15 where E is hydrogen or a straight- orbranched-chain Ci to C20 alkyl group and a is an integer 
from 4 to 10,000. For example, E can be mefliyl. In oflier embodiments, E is a detectable 
label, such as, for example, a radioactive isotope, fluorescent moie^, phosphorescent moiety, 
chemiluminescent moiety, or a quantum dot 

In another aspect, P is a polyethylene glycol having the stracture of Formula II: 
20 Formula H: 

E-(0-CH2CH2)a-, 

where E is a moiety suitable for forming a bond between the compound of Formula VH or VIII 
and a biologically-active compoimd or precursor thereof and a is an integer ftom 4 to 10,000. 
For example, E is chosen ftom carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
25 hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, difliiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinyl&ulfone, 
tresyl, sulfo-N-succmimidyl, dione, mesyl, tosyl, and glyoxal moieties. 



11 



wo 03/061577 PCTAJS03/01559 

In anoflier aspect, E has fl» structure according to Formula m or Formula IV: 

Formula m 

R" ^HC— (012)5 (Y)„— Q ^X— CW2CW2 

Z 

Foimula IV 

R" UC—iCE^ CW2CW2 

5 Z 

where Q is a Cj to Cs saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 

or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted alkaryl; the alkyl is 
a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, and the substituents can be of 
halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, thiocarbonyl, thioestw, 
10 thioacetate, thioformate, alkoxyl. phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine. cyano, nitro, azido, sulfhydryl. sulfate, sulfonate, sulfamoyl. sulfonamido, 
sulfonyl, heterocyclyl. araDqrl, aromatic moiety, hetatoaromatic moie^, iriiino, silyl, ether, or 
alkylthio. Heterocyclic and cafbocyclic groups include fused bicyclic and bridged bicyclic 
ring structures 

15 x,Y,Z,m, and n are as defined, and each W is, independenfly, hydrogen or a Ci to C7 

allqrl; and R" is a moiety suitable for forming a bond between the compound of Formula ffl 
and a biologically-active compound or precursor thereof and R'" is a moiety suitable for 
forming a bond between the compound of Formula IV and a biologically-active compound or 
precursor thereof. 

20 In certain embodiments, R" and R'" can be the same as or different from R, and are 

chosen fiom caiboxyHc acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate, aciylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocyanate, isothiocyanate, difliiopyridine, vinylpyridine, 

25 iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal moieties. 

In one embodiment, the activated polyalkylene glycol compound of Formula VIII, the 
ring substituents are located in a meta arrangement. In anoflier embodiment, flie rmg 
substituents are located in a para arrangement 

30 In anoflier embodiment, flie activated polyallgrlene gjycol compound according to 

Formula VI, has flie structure according to Formula IX: 



12 



wo 03/061577 



PCTAJS03/01559 




Formula DC: 

-(CH2)u 0 {CH2)n— CH ^ 

0— (CH2)u ^ Z H 

i 

where P is a polyalkylene glycol polymer, each n and u are, independently, zero or an integer 
j&om one to five; and Z is hydrogen, a straight- or branched-chain, saturated or unsaturated Ci 
5 to C20 alkyl or heteroalkyl group. 

In one embodiment of flie compounds of Formula K, the ring substituents are located 
in a meta arrangement. In another embodiment of the compounds of Formula IX, the ring 
substituents are located in a para arrangement 

In ano&er embodiment of the compounds of Formula DC, P is a polyethylene glycol 
10 having the structure of Fonnula II: 

Formula H: 
E-(0-CH2CH2)a-^ 

where E is hydrogen, a straight- or branched-chain Ci to C20 alkyl group, a detectable label, or 
a moiety suitable for forming a bond between the compound of Formula DC and a biologically- 
1 5 active compound or precursor thereof and a is an integer from 4 to 1 0,000. 

In anoflier aspect, flie invention involves an activated polyalkylene glycol polymer having the 
structure according to Formula X: 

Formula X: 
P— X- — (CH2)ir -C (CH2)„ 

20 wherein P is a polyall^^lene glycol polymer, 

X is O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or NR'; 
R' is hydrogen, a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or 
heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroallgrl, a 
substituted or unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaryl 
25 wherein the allg^l is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein 
the substituents are selected from the group consisting of halogen, hydroxyl, carboiryl, 
carboxylate, ester, formyl, acyl, thiocatbonyl, fliioester, diioacetate, tfaioformate, alkoxyl. 
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phosphoiyl, phosphonate, phosphinate, amino, amido, amidine, inrine, cyano, nitro, azido, 
sulfhydiyl, sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyctyl, aialkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyi, eftier, and aDcylthio; 

Z and T are individually hydrogen, a strai^t- or branched-chain, saturated or 
5 unsaturated Ci to C20 alkyl or heteioalkyl group, C3 to C% saturated or unsaturated cycHc alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaiyl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogpn, hydroxyl, caibonyl, carboxylate, ester, formyl, acyl, thiocaibonyl, thioester, 
10 thioacetate, thiofonnate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aialkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio, provided that at least one Z or T is not hydrogen; 

R is a moiety suitable for forming a bond between the compound of Formula X and a 
1 5 biologically-active compound or precursor thereof; 

each n is independently 0 or an integer from 1 to 5; and 
pis 1,2, or 3. 

In another aspect, the invention involves an activated polyalkylene glycol compound 
(PGC) having the structure according to Formula Xa: 
20 Formula Xa: 

P ^X CH— R 

In these compounds, P is a polyalkylene glycol polymer, such as, for example, PEG or 

mPEG. 

X is O, S, CO, CO2, COS, SO, SO2, CONR', SOzNR', or NR\ and R% if present, is 
25 hydrogen, a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or heteroalkyl 
group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or 
unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaryl wherein the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherem the 
substituents are selected from the group consisting of halogen, hydroxyl, caibonyl, 
30 carboxylate, ester, formyl, acyi, thiocaibonyl, thioester, fliioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 



14 



wo 03/061577 PCT/US03/01559 

sulfhydiyl, sulfete, sulfonate, sulfenioyl, solfonamido, salfonyl, heteiocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, eflier, and alkyltbio. 

Z is a straight- or bianched-chain, saturated or unsaturated Ci to C20 alkyl or heteroallqrl 
group, C3 to C8 saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or 
5 unsubslituted aryl or heteroaiyl group or a substituted or unsubstituted alkaryl wherein the 
aUqd is a Ci to C20 saturated or unsaturated aSkyi or heteroalkaiyl ffoap, wherein the 
substituents are selected fiom the group consisting of halogen, hydroxyl, caibonyl, 
caiboxylate, ester, foimyl, acyl, thiocaibonyl, Ihioester, thioacetate, thioformate, alkoxyl, 
phosphoiyl,phos?>honate,phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
10 sulfhydiyl, sulfete, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and allqrlthio. 

R is a moiety suitable for forming a bond between flje compound of Formula X and a 
biologically-active compound or precursor thereof, and 

n is 0 or an integer fiom 1 to 5. such that fliere are between zero and five methylene 
1 5 groups between X and the Z-containing carbon. 

In one embodiment, R is chosen from the group consisting of carboxylic acid, ester, 
aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkeiiyl, acrylate, 
methaciylate, aciylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydtazide, succinimidyl, 
20 isocyanate, isothiocyanate, difliiopyiidine, viaylpyridine, iodoacetamide, epoxide, 
l^dKHcysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfijne, Hesyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and gtyoxal. 

In anoflier embodiment, P is a polyethylene glycol having the structure of Formula D: 

Formula U: 



25 



E-(0-CH2CH2)a- 



wherein E is hydrogen, a strai^t- or branched-chain Ci to Cm aHqrl group, or a detectable 
label; and a is an integer from 4 to 10,000. In a further embodnnent. E may be methyl. 

In yet anoflira embodiment P is a polyethylene glycol having the structure of Formula 
n, wherein E is a moiety suitable for forming a bond between the compound of Formula X and 
30 a biologically-active conq)ound orprecursor thereof and a is an inte^ from 4 to 10,000. 

In an additional embodiment, E is chosen fiom the group conasting of caiboxylic acid, 
ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
acrybte, methacrylate, aciylamide, substituted or unsubstituted thiol, halogen, substituted or 
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unsubstituted amine, protected amine, hydiazide, protected hydiazide, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydioxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tiesyl, sulfo-N- 
succinimidyl, dione, me^l, tosyl, and glyoxal. Alternatively, E may have the structure 
S according to Formula III: 

Formula III 

R" HC— (CH2)5 00m Q ^X— CW2CW2 

Z 

wherein P is a polyalkylene glycol polymer, 

X and Y are independently O, S, CO, CO2, COS, SO, SO2, CONR', SOaNR*, or NR'; 
10 Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl (including 

fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aryl or 
heteioaryl group, or a substituted or unsubstituted alkaryl wherein the alkyl is a Ci to C20 
saturated or unsaturated alkyl or heteroalkaryl group, wherein the substituents are selected 
from the group consistmg of halogen, hydroxyl, caibonyl, carboxylate, ester, formyl, acyl, 
1 5 thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, 

phosphmate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfete, sulfonate, 
sulftmoyl, sulfonamido, sulfonyl, heterocyclyl, aialkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, ether, and alkylthio; 

R' and each Z are mdependently as described above; 
20 misOorl; 

each W is, mdependently, l^drogen or a Ci to C7 allqrl; 
each n is independently 0 or an integer from 1 to 5; and 

R" is a moiety suitable for forming a bond between the compound of Formula m and a 
biolo^cally-active compound or precursor thereof. Heterocyclic and carbocyclic groups 
25 include fused bicyclic and bridged bicyclic ring structures. 

In still a further embodnnent, E has the structure according to Formula IV: 

Formula IV 

R«' tlC—iCn^ CW2CW2 — 

Z 

wherein each X, Z and n are, independently, as defined; 
30 each W is, independently, hydrogen or a Ci to C? alkyl; and 
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R"* is a moiety suitable for fcMining a bond b^een the compound of Foraiula IV and 
a biolo^cally-active compound or precursor thereof. 

In an additional embodiment, R" is chosen firom the group consisting of carboxylic 
acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
acrylate, methacrylate, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, mdeimide, sulfone, aUyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

In a ftirther embodiment, R*'* is chosen from the group consisting of carboxylic acid, 
ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, caibonate, alkenyl, 
acrylate, methacrylate, aciylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, raaleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

In another embodiment, E is a detectable label. Additionally, E may be selected fixmi 
the group consisting of radioactive isotopes, fluorescent moieties, phosphorescent moieties, 
chemilummescent moieties, and quantum dots. 

In still another embodnnent, fte activated PGC according to fte invention has the 
structure according to Formula XI: 

Formula XI: 

O 

p O (CHA 

wherein P is a polyalkylene glycol polymer, and 
n and Zare as defined. 

In another embodiment, flie activated polyalkylene glycol has the structure according to 
Formula XII: 
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FonnnlaXn: 



10 



15 



20 




C3Ij(OCH2CH2),0 (CHyta — p 

Z 

wherein n, a, and Z aie as defined above. In one embodiment, Z may be methyl. In 
some embodiments, n is one. 

In another aspect, the invention involves an activated polyalkylene glycol compound of 
5 having the structure according to FonnulaXEQ: 

Formula Xm: 

9 

CH3(OCH2CH2),0' 



where a is an integer ftom 4 to 10,000. 

The invention is sdso concerned wifli a composition of the activated polyalkylene glycol 
compounds of the invention and a biologically-active compound or precursor thereof. In 
various embodiments, the biologically-active compound or precursor thereof is chosen from 
the group consisting of a peptide, peptide analog, protein, enzyme, smaD molecule, dye, lipid, 
nucleoside, oUgonucleotide; oligonucleotide analog, sugar, oligosaccharide, ceD, virus, 
liposome, microparticle, sur&ce, and a micelle. 




In another aspect, flie invention provides a compodtion having the structure accordmg 
toFonnulaXIV: 



F<HmulaXIV: 



P— X— (ai2)5 — Q— OOiS — (CH2)ir 



r Z' 
I 

C-4(CH2)jr-R— -B 

,z . 



wheiein P is a polyalkyloie glycol polymer, 

X and Y are independently O, S, CO. CO2, COS, SO, SO2, CONR', SO2NR', orNR'; 

Q is a Cj to Cg saturated or unsaturated cyclic alkyl or cyclic heteroallqrl, a substituted 
or unsubstituted aiyl or heteroaryl group, or a substituted or unsubstituted aDcaiyl wherein the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaiyl group, wherein the 
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substitaents are selected ftom the group consisting of halogen, Iqrdioxyl, caAonyl, 
caiboxylate, ester, fonnyl, acyl, tWocaibonyl, thioester, thioacetate, tWofonnatB, alkcoyl, 
phosphoiyl, phosphonate, phosphinate, amino, ainido, amidine, imine, cyano, nitio, azido, 
sulftydryl, sulfate, sulfonate, sulfinnoyl, sulfonamido, sulfonyl, heteiocyclyl, aiaDcyl, aromatic 

5 moiety, heteioaromatic moiety, imino, silyl, ether, and alkylthio; 

each R', Z, and V is independaitly hydrogen, a straight- or branched-chain, saturated 
or unsatmated.Ci to Cjoalkyl or heteioalkyl group, C3 to Cg saturated or unsaturated cycUc 
allqrl or cyclic heteroallorl, a substituted or unsubstituted aryl or heteroaryl group or a 
substituted or unsubstituted alkaryl wherein the alkyl is a C, to C20 saturated or unsaturated 

10 alkyl or heteroalkaryl group, wherein the substituents are selected ftom flie group consisting of 
halogen, hydroxyl, carbonyl, carboxylate, ester, fonnyl. acyl, ihiocaibonyl, thioester, 
thioacetate, thiofonnate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, sulfamoyl. sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromalic moiety, imino, silyl, ether, and 

IS alkylthio; 

R* is a linking moiety; 

B is a biologically-active conqwund or precursor thereof, 
misOor 1; 

each n is independently 0 or an integer ftom 1 to 5; and 
20 pis 1,2, or 3. 

In another aspect, Ak invention involves a composition having the structure accordii^ 

to Formula XlVa: 

FwrnulaXIVa: 

P Q (Y)5-(CH2)— CH— R*— B 

Z 

25 wherein P is a polyaBqrlene glycol polymer, 

X and Y are independently O, S, CO, CO2. COS, SO, SO2, CONR', SO^NR', or NR'; 
Q is a C3 to Cs saturated or unsaturated cycUc alkyl or cyclic heteroalkyl (including 
fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aryl or 
heteroaiyl group (including fused bicyclic and bridged bicyclic ring structures), or a substituted 
30 or unsubstituted alkaryl wherein the alkyl is a C, to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl. caiboxylate, ester, tbrmyl, acyl, thiocarboityl. thioester. 
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thioacetete, thiofonnate, alkoxyU phosphoiyl. phosphonate, phosphmate, amino, amido, 
amidine. imine. cyano. nitro. azido, sulfhydiyl. sulfate, sulfonate, sulfemoyl. sulfonamido. 
sulfonyl, heterocyclyl. ataUcyl, aromatic moiely, heteroaiomatic moiety, imino, silyl. ether, and 
alkylthio; 

5 each R' and Z is independently hydrogen, a straight- or branched<;hain, saturated or 

unsaturated C, to Cjoalkyl or heteroalkyl group, Cj to C, saturated or unsaturated cyclic alkyl 
or cycUcheteroalkyl. a substituted or misubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkylis a C, to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substitoents are selected fiom the group consisting of 

10 halogen, hydroxyl. carbonyl. carboxylate, ester, formyl. acyl, thiocarbonyl. thioester, 
thioacetate. tWoformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido. 
amidine, imine, cyano. nitro. azido. sulfhydiyl. sulfate, sulfonate, sulfamoyl, sulfonamido. 
sulfonyl. heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
aD^lthio; 

15 R* is a linking moiety fonned fcom the reaction of R with a biologically-active 

compound or precursor thereof; 

B is abiologically-active compound or precursorlhereof after conjugation with R; 

m is 0 or 1; and 

nisOoranintegerficomltoS. ^ 
20 inoneembodiment,R* isalinkingmoiety formedftomthereactionofRwilJia 

biologically-active compound or precursor fliereot For example. R is a moiety selected ftom 
the group consisting of caiboxyKc acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, acrylate. methaciylate. acrytemide, substituted or 
misubstituted thiol, halogen, substituted or unsubstituted amine, protected amme, hydrazide, 
25 protected hydrazide, succinimidyl. isocyanate. isothiocyanate, dilhiopyridine, vinylpyridine, 
iodoacetamide. epoxide, hydroxysuccinfanidyl, azole, maleimide, snlfone, aUyl, vinylsulfone, 
tresyl, sulfo-N-succininridyl, dione, mesyl, tosyl, and glyoxal. 

In anoflier embodiment, P is a polyethylene glycol having the structure of Formula H: 

Formula n: 

E-(0-ai2CH2),-^ 

wherein E is hydrogen, a straight- or branched-chain Ci to C20 alkyl group, or a detectable 
label; and a is an integer ftom 4 to 10,000. In this embodiment, E may be methyl. 

In a further embodiment, P is a polyethylene glycol having Ihe structure of Formula H: 
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Fonnula II: 

E-(0-CH2CH2)a-^ 

wherein E is a moiety suitable for fommg a bond between the compound of Fonnula XIV and 
a biologically-active compound or precursor thereof and a is an integer from 4 to 10,000. 

5 Here, in still a further embodnnent, E may form a bond to another biologically-active 

compound, B. Alternatively, E may form a bond to a biologically-active compound other than 
B. E may also form an additional bond to the Kolo^cally-active compound, B. 

In various embodiments, E may be chosen from flie group consisting of carbojqrlic 
acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 

10 aciylate, mefliaciylate, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succimmidyl, 
isocyanate, isothiocyanate, difliiopyiidine, vinylpyiidine, iodoacetamide, epoxide, 
hydrosqrsuccinimidyl, azole, maleradde, sulfone, aUyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. In anotiier embodiment, E may have the 

1 5 stiuctuie according to Formula HI: 

Formula m 

Rn ^HC— (CH2)H (Y)„— Q ^X— CW2CW2 

Z 

wherein each Q, X Y, Z, m, and n are, mdependently, as defined, each W is, 
independently, hydrogen or a Ci to C7 alkyl; and R" is a moiety suitable for fonning a bond 
20 between the compound of Formula ffl and a biologicaUy-active compound or precursor 
thereof. 

In a fiirflier embodiment, E has the structure according to Formula IV: 

Formula IV 

R- ^HC — (CH2)S CW2CW2 

Z 

25 wherein each X, Z and n are, independently, as defined, each W is, independently, 

hydrogen or a Ci to C7 aUgrl; and 

R'" is a moiety suitable for forming a bond between the compound of Formula IV and 
a biologicaDy-active cotapovmd or precursor thereof. 

In various embodiments, R" is chosen from the group consisting of caiboxylic-Msid, 
30 ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
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aciylate, methaciylate, acrylamide, substituted or unsubstituted thiol, halogpn. substituted or 
unsubstituted amine, protected amine, hydiazide, protected hydrazide, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, aUyl, vinylsulfone, tiesyl, sulfo-N- 
5 succinimidyl, dione, mesyl, tosyl, and gjyoxal. 

Likewise, in other embodiments, R"' is chosen from the group consisting of caiboxylic 
acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
acrylate, methacrylate, aciylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
10 isocyanate, isothiocyanate, dithiopyridme, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, ttesyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

In still other embodiments, E is a detectable label. For example, E may be selected 
from the group consisting of radioactive isotopes, fluorescent moieties, phosphorescent 
1 5 moieties, chemiluminescent moieties, and quantum dots. 

In various embodiments, Q is a substituted or unsubstituted alkaryL 
In another aspect, the invention involves a composition having flie structure according 
to Fonnula XV: 



wherein P is a polyalkylene gjycol polymer, m is zero or one; d is zero or an integer 
from one to four, and n is zero or an integer from one to five. 

X and Y are independenfly O, S, CO, COz, COS, SO, SQz, CONR^ SO2NR*, or NR'; 
and Ti and T2 are, independently, absent, or a straight- or branched-cham, saturated or 

25 unsaturated Ci to Cioalkyl or heteroalkyl group, a C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroallqrl, a substituted or unsubstituted aryl or heteroaryl group, or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 

30 thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido. 



Formula XV 




(CH2)r-CH R* B 

Z 



(L)d 
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anudine, imine, cyano, iiitro, azido, sulfhychyl. sulfate, sulfonate, sulfamoyl. sulfonamido, 
sulfonyl, hetaocyclyl, araDcyl, aromatic moiety, heteioaromatic moiety, imino, sityl, ether, and 
alltyllhio. 

Each R' and Z is, independentty, hydrogen, a straight- or branched-chain, saturated or 
5 unsaturated Ci to QoaDcyl or heteioalkyl group, Cj to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroaDcyl, a substituted or unsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted aHaayl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroaDcaryl povp, wherein flie substituaits are selected ftom the group consisting of 
halogen, hydroxyl, caibonyl, carboxylate, ester, formyl. acyl, thiocaibonyl, thioester, 
10 thioacetate, thiofonnate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alltyldiio. 

Each L is, independently, a straigjit- or branched-chain, saturated or unsaturated Ci to 
1 5 C20 alkyl or heteroalkyl group, C3 to Cj saturated or unsaturated cyclic alkyl or cyclic 
heteroaDcyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from flie group consisting of 
halogen, hydroxyl, carbonyl. carboxylate, ester, formyl, acyl, thiocaibonyl, thioester, 
20 tiiioacetate, ihioformate, aDcoxyl, phosphrayl, phoq?honate, phosphinate, amino, amido, 
amidine, imine, cyano, nifro, azido, sulfhydiyl, sulfete, sulfonate, sulfiunoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, sityl, eflier, and 
aDtyltiuo. 

R* is a linking moiety fwrned ftom tte reaction of R with a biologicalty-active 
25 compound or precursor thereof, and B is a biologically-active compound, or precursor thereof 

after conjugation willi R. 

For example, R m^ be a moiety selected ftom the group consisting of carboxylic acid, 
ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
acrylate, mcthaciylate, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
30 unsubstituted amine, protected amine, hydrazide, protected hydrazide. succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succinhnidyl, dione, mesyl, tosyl, and glyoxal. 

In another embodiment, P is a potyethylene glycol having the structure of Formula H: 
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Fonnula II: 
E-(0-CH2CH2)a-^ 

wherein E is hydrogen, a straight- or branched-chain C j to C20 alkyl group, or a 
detectable label; and a is an integer from 4 to 10,000. In this embodiment, E may be methyl. 
5 In still another aspect, P is a polyethylene glycol having the structure of Fonnula II: 

Formula 11: 

E-(C>€H2CH2)a- 

wherein E is a moiety suitable for forming a bond between fte compound of Formula 
XV and a biologically-active compound or precursor thereof and a is an integer firom 4 to 

10 10,000. Here, E may be selected ftom Ihe group consisting of carboxylic acid, ester, aldehyde, 
aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, 
metbacrylate, aciylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isotUocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 

15 hydroxysuccinhmdyl,azole,nwleimide,sulfone,allyl,v^^ 

succinimidyl, dione, me^l, tosyl. and glyoxal. Additionally, E may have the stmcture 
according to: 

Formula in 

R" -HC— (CH2)5 00m Q ^X— CW2CW2 

Z 

20 wherein Q is a C3 to Cg saturated or unsaturated cyclic aDcyl or cyclic heteroalkyl, 

(including fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted 
aryl or heteroaryl group, or a substituted or unsubstituted alkaryl wherein the alkyl is a Ci to 
C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein the substituents are selected 
from the group consistmg of halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, 

25 thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, 

phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, 
sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, ether, and aDcylthio; 

each X, Y, Z, m, and n are, independently, as definei^ 

30 each W is, independently, hydrogen or a Ci to C? alkyl; and 
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R'* is a moiety suitable for foming a bond between the compound of Fonnula ffl and a 
biologically-active compound or precursor thereof. 

In anofter embodiment, E can have flie structure according to Formula IV: 

Formula IV 

R»' -HC— (CH2)5 CW2CW2 

5 Z 

wherein X, Z and n are as defined; 

each W is, independently, hydrogen or a Ci to C? alkyU and 

R"' is a moiety suitable for forming a bond between fee compound of Formula IV and 
a biologically-active compound or precursor thereof. 

10 In still another embodiment, R" is chosen from the group consisting of carboxylic acid, 

ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
acrylate, methacrylate, acrylamide, substituted or unsubstituted ttiiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 

1 5 hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succuiimidyl, dione, mesyl, tosyl, and glyoxal. 

Likewise, in other embodiments, R"* may selected from the group consisting of 
carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, 
carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted thiol, 

20 halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected hydrazide, 
succinimidyl, isocyanate, isothiocyanate, dithiopyridine, virvlpyri<in»» iodoacetamide, 
epoxide, hydroxysuccinimidyl, azole, malehnide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succinirnidyl, dione, mesyl, tosyl, and glyoxal. 

In other embodiments, E is a detectable label. For example, E may be selected ficom the 

25 group consisting of radioactive isotopes, fluorescent moieties, phosphorescent moieties, 
chemiluminescent moieties, and quantum dots. 

Jn another aspect, the invention relates to a composition having flie stracture according 

to Formula XVI: 
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FoimulaXVI 



R* 



where m is 0 or 1 . n is 0 or an integer from 1 to 5, P is a polyalkylene glycol polymer, X and Y 
are independently O, S, CO. CO2. COS, SO, SO2, CONR', SOiNR*. or NR\ T, and are, 

5 independently, absent, or a straight- orbranched-chain. saturated orunsaturated Ci to CMaDcyl 
or heteroalkyl group, and each R' and Z is independently hydrogen, a straight- orbranched- 
chain, saturated or unsaturated Ci to €» alkyl or heteroalkyl grw^; 

d is 0 or an integer ftom 1 to 4, and each L is, independently, a straight- or branched- 
chain. saturated or unsaturated Ci to C20 alkyl or heteroalkyl group. Cj to Cg saturated or 

10 unsaturated cycHc alkyl or cyclic heteroaDqrl, a substituted or unsubstituted aiyl or heteroaiyl 
group or a substituted or unsubstituted alkaiyl herein the alkyl is a Ci to C20 saturated or 
unsaturated allyl or heteroaDtaiyl group. The substituents are selected from halogen. 
Iqrdroxyl, caibonyl, caiboxylate, ester, fonnyl, acyl. fliiocarbonyl, thioester, Ihioacetate, 
thiofijnnate, alkoxyl, phosphoryl, phosphonate, phoq)hinate, amino, amido, amidine, imine. 

1 5 cyano. nitro, azido, sulfhydryl, sulfate, sulfonate, sul&moyl, sulfonamido, sulfonyl, 

heterocyclyl, aialkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and aDcylthio 
g;roiq>s. 

R* is a linking moiety formed from the reaction of R with a biologicaUy-active 
compound or precursor thereof, and B is a biologicaUy-active compound, or precursor thereof 

20 after conjugation with R. 

For example, R may be a moiety selected from flie group consisting of carboxylic acid, 

ester, aldehyde, aldehyde hydrate, acetal. hydroxy, protected hydroxy, carbonate, altenyl, 

acrylate, methacrylate, aciylamide, substituted or unsubstituted thiol, halo^ substituted or 

unsubstituted amine, protected amine, hydrazide, protected Iqrdrazide, succinimidyl, 
25 isocyanate, isothiocyanate, difhiopyridine, vinylpyiidine, iodoacetamide, epoxide, 

hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tiesyl, sulfo-N- 

sttccinimidyl, dione, mesyl, tosyl, and glyoxal. 

ta one embodiment, R* is a methylene group and B is a biolopcally-active molecule 

having an amino group, where the mefliylene group forms a bond wifli fee amino group on B. 
30 In certain embodiments, flie amine is the amino terminus of a peptide, an amin&of an 

ammo acid side chain of a peptide, or an amine of a glycosylation substituent of a glycosylated 
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peptide. For example, flie peptide can be an interferon, such as interferon-beta, e.g., interferon- 
beta-la. 

In some embodiments, the compound according to Formula XVI has a structure 
according to Formula XVII: 



Formula XVH: 

Z 




where P is a polyalkylene glycol polymer, Z is hydrogen, a straight- or branched-chain, 
saturated or unsaturated C i to C20 alkyl or heteroalkyl group, n is 0 or an integer fiom 1 to 5. 
10 R* is a linking moiety formed from flie reaction of R with a biologically-active 

compound orprecursor thereof, and B is a biologically-active compound, or precursor thereof, 

after conjugation with R. 

For example, R may be a moiety selected from the group consisting of caiboxylic acid, 
ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 

15 aciylate, methacrylate, acrylamide, substituted or unsubstituted fliiol, halogen, substituted or 
unsubstituted amine, protected amine, hydra2dde, protected hydiazide, succinimidyl, 
isocyanate, isotMocyanate, difluopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, aUyl, vinylsulfone, ttesyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

20 In one embodiment, R* of Formula XVH is a methylene group and B is a biologically- 

active molecule having an amino group, where flie methylene group forms a bond with the 
amino group on B. 

In certain embodiments, die amine is tiie amino terminus of a peptide, an amine of an 
amino acid side chain of a peptide, or an amine of a glycosylation substituent of a glycosylated 
25 peptide. For example, the peptide can be an interferon, such as interferon-beta, e.g., interferon- 
beta-la. 

In other embodiments, the compound accordmg to Formula XVI has a structure 
according to Formula XVni: 
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Formula XVni: 

(CHjX,— R* 



where P is a polyalkylene glycol polymer, R* is a linking moiety, B is a biologically-active 
5 molecule, and n is one or two. 

In one embodiment, R* of Formula XVHI is a mefliylene group and B is a biologically- 
active molecule having an amino group, where flie methylene group forms a bond with the 
amino group on B. 

In certain embodiments, the amine is the amino terminus of a peptide, an amine of an 
10 amino acid side chain of a peptide, or an amine of a glycosylation substituent of a glycosylated 
peptide. For example, flie peptide can be an interferon, such as interferon-beta, e.g., interferon- 
beta-la. 

In certain embodiments of the compound according to Formula XVI, P is a 
polyeftylene glycol having the structure of Formula 11: 
IS Formula n: 

E-(0-CH2CH2)a-^ 

wherein E is hydrogen, a straight- or branched-chain Ci to C20 alkyl (e.g., methyl) 
group, a detectable label, or a moiety suitable for forming a bond between Ae compound of 
Formula XVI and a biologjcally-active compound or precursor thereof and a is an integer ftom 

20 4 to 10,000. When E is a detectable label, the label can be, for example, a radioactive isotope, 
fluorescent moiety, phosphorescent moiety, chemilummescent moiety, or a quantum dot 

In another embodiment, where E is a moiety suitable for forming a bond between the 
compound of Formula XVI and a biologically-active confound or precursor thereof E is 
chosen from caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 

25 hydroxy, carbonate, alkenyl, acrylate, mefliacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydraride, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal moieties. 

30 In another embodiment, E has the structure according to Formula III or Formula IV: 
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Formula III 

R. HC— (CH2)5 (Y)„— Q— X— CWjCWz 



FonnulalV 

R" ^HC— (CH2)s CW2CW2 

Z 

5 where Q is a C3 to Cg saturated or unsaturated cycUc alkyl or cyclic heteroalkyl (including 
fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aryl or 
heteroaryl group, or a substituted or unsubstituted aBcaiyl; the alkyl is a Ci to Cm saturated or 
unsaturated alkyl or heteioalkaryl group, and the substituents can be of halogen, hydroxyl, 
caibonyl, carboxylate, ester, formyl, acyl, thiocarbonyl. thioester, Ihioacetote, fhiofonnate, 

10 alkoxyl, pho^boiyl, phosphonate, phosphinate, amino, anrido, amidine, imine, cyano, nitio, 
azido, sulfhydiyl. sulfite, sulfonate, sulfamoyl, sulfonamido, sulfoiiyl, heterocyclyl, aialkyl, 
aromatic moiety, heteroaromatic moiety, imino, sifyl, eflier, or alkylfliio. 

X, Y, Z, m, and n are as defined, and each W is, independently, hydrogen or a C 1 to C7 
alkyl; and R" is a moiety suitable for foraiing a bond between the compound of Formula ffl 

15 and a biologically-active compound or precursor thereof, and R'" is a moiety suitable for 
forming a bond between the compound of Formula IV and a biologically-active compound or 



In certain embodiments, R" and R'" can be the same as or different firom R, and are 
chosen ftom carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
20 hydroxy, carbonate, alkenyl. acrylate, methacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal mmeties. 
25 In other embodiments of the compound according to Formula XVI, tiie compound can 

have the stmcture according to Formula XK: 
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Foimula XIX: 




(CH2)u 0 (CH2)n — CH R* 

Z B 



wherein P is a polyalkylene glycol polymer, each n and u are, independently, zero or an integer 
from one to five, Z is hydrogen, a straight- or branched-chain, saturated or unsaturated C| to 
5 C20 alkyl or heteroalkyl group. 

R* is a linking moiety formed from the reaction of R with a biologically-active 
compound or precursor thereof, and B is a biologically-active compound, or precursor thereof, 
after conjugation with R. 

In one embodiment, R* of Formula XIX is a methylene group and B is a biologically- 
10 active molecule having an amino group, where tiie methylene group forms a bond widi fte 
amino group on B. 

In certain embodiments, fte amine is the amino terminus of a peptide, an amine of an 
amino acid side chain of a peptide, or an amine of a glycosylation substituent of a gjlycosylated 
peptide. For example, the peptide can be an interferon, such as interfisnm-beta, e.g., interfenm- 
15 beta<*la. 

In anoflier aspect, the invention relates to a composition according to Formula XX: 

Formula XX: 

r-xTr(Y)5r(CH2)o'^ 



where m is 0 or 1 , d is 0 or an integer from 1 to 4, a is an integer from 4 to 1 0,000, and n is 0 or 

20 an integer from 1 to 5. 

Each X and Y is mdependently O. S, CO, CCh, COS, SO, SO2, CONR*, SO2NR*, or 
NR', or NR*, Tj and T2 are, independently, absent, or a straight- or branched-chain, saturated 
or unsaturated Ci to C20 alkyl or heteroalkyl group, and each R' and Z is independently 
hydrogen, a straight- or branched-chain, saturated or unsaturated Cj to C20 alkyl or heteroalkyl 

25 group. 

When present, each L is, independently, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cs saturated or unsaturated cyclic alkyl 
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or cycUc hfiteroalkyl, a substitated or unsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group. The substituents are selected ftom halogen, hydroxyl, caibonyl, 
caiboxylate, ester, foimyl, acyl, thiocaibonyl, fliioester. thioacetate, thiofonnate, alkoxyl, 

5 phosphoiyl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sul&moyl, sulfonamido, sulfonyl, heteiocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, immo, silyl, ether, and alkylthio. 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl (including 
fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aryl or 

10 heteroaiyl group, or a substituted or unsubstituted alkaryl wherein the alkyl is a Cj to C20 
saturated or unsaturated alkyl or heteroalkaryl group. The substituents can be halogen, 
hydioxyl, caibonyl, carboxylate, ester, formyl, acyl, thiocaibonyl, thioester, thioacetate, 
thiofoimate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, 
cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, 

15 heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, immo, silyl, ether, or alkylthio. 
Each W is, independently, hydrogen or a Ci to C7 allgrl, 

R* and R** are, independently, linking moieties formed from the reaction of R and R" 
with a biologically-active compound or precursor thereoj^ and B and B' are each a 
biologically-active compound, or precursor thereof, aftra* conjugation with R and R", 

20 respectively. 

to some embodiments, B and B' are the same type of biolo^cally-active compounA In 
other embodiments, B and B* are diflFerent biologically-active conqwunds. to still oflier 
embodiments, B and B* are flie same biologicaUy active molecule, to additional embodiments, 
R* and R** are Hts same, to other embodiments, R* and R** are different 
25 to another aspect, the invention relates to a composition according to Formula XXI: 



where m is 0 or 1 , d is 0 or an mteger from 1 to 4, a is an integer from 4 to 1 0,000, and 

n is 0 or an mteger from 1 to 5. 

X and Y are mdependenfly O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', orNR', 
Ti and T2 are, independenfly, absent, or a straight- or branched-cham, saturated or unsaturated 



Formula XXI: 



z 





31 



wo 03/061577 PCTAJS03/01559 

C| to C20 aDcyl or heteroalliyl group, each R' and Z is, independraitly, hydrogen, a straigjit- or 
branched-chain, saturated or unsaturated C: to C20 alkyl or heteroaDqrl group. 

When present each L is, independently, a straight- or branched-chain, saturated or 
unsaturated Ci to C»allqrl or heteroalkyl group, Cj to Cg saturated or unsaturated cycHc alkyl 

5 or cycKc heteroalkyl, a substituted or unsubstituted aiyl orheteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaiyl group, wherem fbs substituents are selected ftom halogen, hydroxyl, carbonyl, 
caiboxylate, ester, foimyl, acyl, thiocaibonyl, fliioester, thioacetate, driofoimate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 

10 sulfhydiyl, sulfete, sulfonate, sulfamoyl, sulfonamide, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, elher, and aHcylthio, and each W is, independently, 
hydrogen or a Ci to C? aDcyl. 

R* and R** are, independently, linking moieties fomed from the reaction of R and R" 
wiA a biologically-active compound or precursor thereof, and B and B' are each a 

15 biologically-active compound, or precursor fliereof, aflCT conjugation wifli R and R", 
respectively. 

In some embodiments, B and B* are the same type of bloloffcally-active compound- In 
other embodiments, B and B' are different biologically-active compounds. In still other 
embodiments, B and B' are the same biological^ active molecule. In additional embodiments, 
20 R* and R** are the same. In otiiw embodiments, R* and R** are different 

In another aspect, the invention involves a composition having flie structure according 
to Formula XXII: 

Formula XXn: 
• Z'- 

p— X — (CH2)ir -c — (CH2)jrR* — ^ 
.z Jp 

25 wherein P is a polyalkylene glycol polymer, 

X is 0, S, CO, CO2. COS, SO, SO2, CONR'. SOiNR', or NR'; 
R' is hydrogen, a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or 
heteroalkyl group. C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a 
substituted or unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaiyl 
30 wherein the alkyl is a C, to C20 saturated or unsaturated alkyl or heteroalkaiyl group, wherein 
the substituents are selected ftom the group consisting of halogen, hydroxyl, carboiqrl. 
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caiboxylate, ester, fonnyl, acyl, thiocaiboiiyl, thioester, tfaioacetate, duofonnate, aDcoxyl, 
phosphoiyl, phosphonate, phosphinate» amino, amido, amidine, iminey cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heten)cyclyl, aialkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and all^lthio; 
5 each Z and Z' is independently hydrogen, a straight- or branched-^hain, saturated or 

unsaturated Ci to C20 alkyl or heteroaikyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroallQ^l, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
10 halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidme, imine, cyano, nitro, azddo, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio, provided that at least one Z or V is not hydrogen; 
IS R"^ is a linking moiety; 

B is a biologjcally-active molecule; 

each n is 0 or an integer from 1 to 5; and 

pis 1,2, or 3. 

In a fiiifiier aspect, the invention involves a composition having the structure according 
20 to Formula XXna: 

Formula XXIIa: 
P X (CH2)n CI^R* B 

Z 

wherein P is a polyalkylene glycol polymer, 

X is O, S, CO, CO2, COS, SO, SO2, CONR', SOiNR*, or NR'; and n is 0 or an mteger 
25 from 1 to 5. 

R* is hydrogen, a straight- orbranched-chain, saturated or unsaturated Ci to C20 alkyl or 
heteroaikyl group, C3 to Cs saturated or unsaturated cyclic alkyl or cyclic heteroaikyl, a 
substituted or unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaryl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein 
30 the substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
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sulfhydiyl, sulfate, sulfonate, sulfemoyl. sulfonamido, sulfonyl, heterocyclyl, aialkyl, aromatic 

moiety, hetwoaromatic moiety, imino, silyl, eflier, and aDcyWiio; 

Z is a straight- or branched-chain, saturated or unsaturated Ci to C20 aDcyl or heteroalkyl 

group, C3 to Ca saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or 
5 misubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaryl wherein the 

alltyl is a C, to Qo saturated or unsaturated alkyl or heteroaJkaiyl groi^, wherein flie 

substituents are selected fiom the group consisting of halogen, hydroxyl, caibonyl, 

caiboxylate, ester, foimyl, acyl, thiocaibonyl, fliioester. thioacetate, thioformate, alkoxyl, 

phosphoryl. phosphonate, phosphinate, amino, amido, amidine. imine, cyano, nitro, azido, 
10 sulfhydiyl, sulfete, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 

moiety, heteroaromatic moiety, imino, silyl, eflier, and alkylthio; 

R* is a linking moiety formed from the reaction of R with a biologicaUy-active 

compound or precursor thereof, and B is a biologicaUy-active compound, or precursor thereof, 

after conjugation widi R. 

15 In one embodiment, R* is formed &om the reaction of a moiety selected from the group 

consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate. acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 

20 iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone. allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal with a biologically-active 
compound or precursor fliereof. 

In an additional embodiment, P is a polyethylene glycol having the stracture of 
Formula II: 

25 Formula n: 

E-(0-CH2CH2)a-^ 

wherein E is hydrogen, a straight- or branched-chain Ci to C20 allgrl group, or a 
detectable label; and a is an integer fiom 4 to 10,000. In fliis embodiment, E may be mefliyl. 
In another embodhnent, P is a polyethylene glycol having the structure of Formula H: 
3Q Formula U: 

E-(0-CH2CH2).-^ 
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wherein E is a moiety suitable for forming a bond between the compound of Formula H 
and a biologically-active compound or precursor ftereof and a is an integer fmm 4 to 10,000. 
In this embodiment, E may bind to a biologically-active compound or precursor thereof other 
flian B. In other embodiments, E forms an additional bond to flie biologically-active 
5 c(HiipoundB. 

In various embodiments, E may be selected firan the group consistmg of caiboxylic 
acid, ester, aldehyde, aldishyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl. 
acrylate, methacrylate, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
10 isocyanate, isotiiiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone. allyl, vinylsulfone, tresyl, sulfo-N- 
saccinimidyl, dione, mesyl, tosyl, and glyoxal. 

In oflier embodiments, E has fte structure according to Formula III: 

Formula m 

R" HC— (CH2); 00— Q X—CW2CW2 

15 Z 

wherein P is a polyall^lene glycol polymer, 

each X and Y is independently O, S, CX>, CO2, COS, SO, SO2, CONR', SO2NR', or 

NR'; 

Q is a C3 to Cs saturated or unsaturated cyclic aUgrl or cyclic heteroalkyl (including 
20 fused bicyclic and bridged bicycHc ring structures), a substituted or unsubstituted aryl or 
heteroaiyl group, or a substituted or unsubstituted alkaryl wherein the alkyl is a C, to C20 
saturated or unsaturated alkyl or heteroalkaryl group, wherein the substituents are selected 
ftom the ffoup consisting of halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, 
fliiocarbonyl, thioester, ftioacetate, ttdoformate, aSkoxyl, phosphoryl, phosphonate, 
25 phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfete, sulfonate, 
sulfamoyl, sulfonamide, sulfonyl. heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, ether, and alkylthio; 

R' and each Z are mdependently as described above; 

m isO or 1; 

30 each n is independently 0 or an integer from 1 to 5; 

R" is a moiety suitable for foming a bond between the compound of Formula ffl and a 
biologically-active compound or precursor fliereof; and 
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each W is, independently, bydrogen or a C| to C? alkj^ 
In a fuifter embodiment, E has the sttuctuie accoiding to Fonnula IV: 

Fonnula IV 

R" ^HC— (CH2)5 CW2CW2 

Z 

5 wherein each X,Z and n are, independently, as defined; 

each W is, independently, hydrogen or a Ci to C7 allgrl; and 
R*" is a moiety suitable for forming a bond between flie compotind of Fwmula IV and 
a biologically-active conqwund or precursor fliereof. 

hi still fiirther embodiments. R" is chosen from the group consisting of caiboxyUc 
10 add, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl 
aciylate, methaciylate. acrylamide. substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isofliiocyanate, difliiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, aUyl, vinylsulfone, tresyl, sulfo-N- 
15 succinimi(fyl. dione, mesyl, tosyl, and glyoxal. 

In yet other embodiments, R'" is chosen ftom the group consisting of caiboxylic acid, 
ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
' acrylate, methaciylate, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
20 isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, aUyl, vinylsulfone, tresyl, sulfi>-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

In additional embodiments, E is a detectable label. For exanqile, E may be selected 
from the group consisting of radioactive isotopes, fluorescent moieties, phosphorescent 
25 moieties, chemihnninescent moieties and quantum dots. 

In another embodiment, R* is methylene and B is a biologically-active molecule 
attached via an amine. For example, the amine is the amino terminus of a peptide. Inaforthe 
embodiment, the peptide is an interferon such as interferon-beta-la. 

In another embodiment, the invention is a composition having die stnicture accordmg 
30 to Fonnula XXni: 
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Foimula XXOL 



CH3 (OCH2CH2)aO (^2)0- 



B 



Z 



wheiein n, a, R* B, and Z are as defined above. In one additional embodiment, Z is 
metbyl and n is one. 

In still a further aspect, the invention involves a composition according to Formula 



B^Ri^CJi— (CH2X1— (Y)ta— Q— X— CW^ 

z 

wherein m is 0 or 1, a is an integer from 4 to 10,000; and each n is independently zero or an 
integer fiom 1 to 5. Each X and Y is independently 0, S, CO, CO2, COS, SO, SO2, CONR% 

10 SO2NR', or MR*; each R' and Z is, independently, hydrogen, a straight- or branched-chain, 
saturated or unsaturated Ci to C20 alkyl or heteioalkyl group; and each W is, independently, 
hydrogen or a Ci to C? alkyl. 

Q is a C3 to Cs saturated or unsaturated cyclic alkyl or cyclic heteroalkyl (including 
fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aiyl or 

1 5 heteroaryl group, or a substituted or unsubstituted alkaiyl wherein the alkyl is a Ci to C20 
saturated or unsaturated alkyl or heteroalkaryl group, wherein the substituents are selected 
from the group consisting of halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, 
thiocaibonyl, thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, 
phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfete, sulfonate, 

20 sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, efher, and aBcylfhio. 

R* and R** are, independently, linking moieties formed from the reaction of R and R" 
with a biologically-active compound or precursor thereof, and B and B' are each a 
biologically-active compound, or precursor thereof, after conjugation with R and R", 

25 respectively. 

In some embodnnents, B and B' are the same type of biologically-active compound. In other 
embodiments, B and B' are di£ferent biologically-active compounds. In still other 
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embodiments, B and B* are the same biologically active molecule. In additional embodiments, 
R* and R** are the same. In other embodiments, R* and R** are different 

In a furflier aspect, the invention involves a composition accordmg to Fonnula XXV: 

FonnulaXXV: 



X is O, S, CO, CO2, COS, SO, SO2, CONR', SOiNR', orNR'; a is an integer 
from 4 to 1 0,000; and each n is independently 0 or an integer from 1 to 5. 

Each and Z is independently hydrogen, a straight- or branched-chain, saturated or 
10 unsaturated Ci to C20 allQrl or heteroalkyl group, and each W is, independently, hydrogen or a 
Ci to C7 alkyl. 

R* and R** are, mdepcndenUy, linking moieties formed from the reaction of R and R" 
with a biologically-active compound or precursor fliereoi^ and B and B* are each a 
biologically-active compound, or precursor thereof, after conjugation wifli R and R' 
15 respectively. 

In some embodiments, B and B' are tiie same type of biologically-active compound. In other 
embodiments, B and B' are different biologically-active compounds. In still other 
embodiments, B and B' are tiie same biologically active molecule. In additional embodiments, 
R» and R** are the same. In otiier embodiments, R* and R** are different. 

20 The invention also involves a pharmaceutical composition containing tiie compositions 

of flie invention along witii a pharmaceutically-acceptable carrier. In various embodiments, tiie 
phannaceutical composition also contains an additional biologically-active agent For 
example, tiie biologicaUy-active agent may be selected from tiie group consisting of a peptide, 
peptide analog, protein, enzyme, small molecule, dye, lipid, nucleoside, oligonucleotide, 

25 oligonucleotide analog, sugar, oligosaccharide, cell, virus, liposome, micropaiticle, suifece, 
and a micelle. In another embodiment, flie biologically-active agent is an antiviral agent 

In another aspect, tiie invention relates to a composition comprising flie product of the 
reaction of tiie compound of Fonnula I and a biologically-active compound or a precursor 
tiiereof(B). 

30 In one embodnnent, flie composition has flie structure according to Fonnula XIV: 



B*— Rr^CH--(CH2)r-X--CW2CW2 (CKni2CH2)a— X— (CH2)„ 





Z 



wherein 
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FonnulaXIV: 

p — — Q (Y)5^(CH2)r-ai— R*— B 

Z 

where all variables are as defined above, and R* is a linking moiety formed by the reaction of 
R with a reactive moiety on the biologically-active compound or precursor thereof; and B is a 
biologically-active compound or precursor thereof. 

In another aspect, the invention relates to a composition comprising the product of the 
reaction of the compound of Fonnula V and a biologically-active compound or a precursor 
thereof. In one embodiment, the composition has the structure according to Formula XV: 

Formula XV: 



-B 



(L)d 

where all variables are as defined above, R* is a linking moiety formed by the reaction of R 
with a reactive moiety on the biologically-active compound or precursor thereof; and B is a 
biologically-active compound or precursor fliereof. 

In yet another embodiment, the composition has the structure according to Fonnula XX 
or XXI: 

Formula XX: 




-T2-(YXir<CH2>a 

B'-Ri^Cp-(CH2)b-(Y)rQ-XCW2CW2(O^CH2)r-X-Tr' 

Fonnula XXL 




B«— R^C^(CH2)ri— XCW2CW2 (0-CH2C3l2)a— X-Ti 




Z 

where aU variables are as defined above, each W is, independently, hydrogen or a Ci to 
C7 alkyl, R* is a linking moiety formed by the reaction of R with a reactive moiety on the 
biologically-active compound, B, or precursor thereof; R** is a linking moiety fomied by the 
reaction of R" or R"* with a reactive moiety on the biologically-active compound, B', or 
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20 



precursor thereof; and B and B' are, independently, a biologically-active compound or 
precursor thereof. In some embodiments, B and B' are the same type of biologically-active 
compound. In other embodiments, B and B' are dififeient biologically-active compounds. In 
still other embodiments, B and B' are the same biologically actiw molecule. In additional 
5 embodiments, R* and R** are the same. In other embodiments, R* and R»* are different 

In anoflier aspect, the invention relates to a composition comprising the product of tiie 
reaction of the compound Formula VI and a biologically-active compound or a precursor 
thereof. 

In one embodiment, the composition has the structure according to Formula XVI: 
jQ Formula XVI: 

I B 

JT-J T2— (Y)5— (CHj)/ 

P X T, 

where all variables are as defined above, R* is a linking moiety formed by the reaction ofR 
with a reactive moiety on the biologically-active compound or precursor hereof, and B is a 
biologically-active compound or precursor thereof 
15 In another aspect, tiie invention relates to a composition cranprising the product of the 

reaction of the compound of Formula VH and a biologicaUy-active compound or a precursor 
tiiereof 

In one embodiment, the coirposition has flie structure according to Formula XVII: 

Formula XVII: 

Z 

,B 

fl 




„ <CH2), 




p — or 

where all variables are as defined above, R* is a linking moiety formed by the reaction ofR 
with a reactive moiety on the biologically-active compound or precursor thereof; and B is a 
biologically-active compound or precursor thereof 

In another aspect, the invention relates to a composition comprising the product of fl»e 
25 reaction of the compound of Formula Vffl and a biologically-active compound or a precursor 
thereof 

In one embodiment, the composition has the structure according to Formula XVIH: 
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Fonnula XVni: 



(CH2)n.j^^ 



P 0 B , 

where all variables are as defined above, R* is a linking moiety fonned by the reaction of R 
with a reactive moiety on the biologically-active compound or precursor thereof, and B is a 
5 biologically-active compound or precursor thereof. 

In another aspect, the invention relates to a composition comprising the product of the 
reaction of the compound of Fonnula DC and a biologically-active compound or a precursor 
thereof 

In one embodiment, the composition has the structure according to Formula XEX: 
10 Formula XEX: 

(CH2)u O (CH2)n — CH R* 

Z B 

where all variables are as defined above, R* is a Imking moiety formed by the reaction of R 
with a reactive moiety on the biologically-active compound or precursor tiiereof; and B is a 
biologically-active compound or precursor thereof 
15 In another aspect, the invention relates to a composition comprising the product of the 

reaction of the compound of Formula X and a biologically-active compound or a precursor 
thereof. 

In one embodiment, the composition has the structure according to Formula XXII: 

Formula XXn: 

P ^X (CHaX, CH— R* ^B 




i 



where all variables are as defined above, R* is a linking moiety fonned by the reaction 
of R with a reactive moiety on the biologically-active compound or precursor thereof; and B is 
a biologically-active compound or precursor thereof. 

In another embodiment, the composition has the structure the structure accordmg to 
25 Fonnula XXIV: 

Formula XXIV: 
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B-— Kr-C^— (CH2)n— (Y)o— Q— X— CWjCWj— (O^ 
Z 

where aU variables are as defined above, each W is, independently, hydrogen or a C] to 
C? alkyl. R* is a imlring moiety formed by the reaction of R with a reactive moiety on the 
biologically-active compound, B, or precursor thereof, R** is a linking moiety formed by the 
5 reaction of R" with a reactive moiety on the biologically-active compound, B', or precursor 
thereof; and B and B' are, independently, a biologically-active compound or precursor thereof. 
In some embodiments, B and B' are Ifae same type of biologically-active compound. In other 
embodiments, B and B' are different biologically-active compounds. In still other 
embodiments, B and B' are the same biologically active molecule. In additional embodiments, 
10 R'^ and R** are the same. In other embodiments, R* and R'*'* are dififerent. 

In other embodiments, the composition has the stmcture according to Formula XXV: 

Formula XXV: 

B^Rr^Cp— (CHjX, — X— CW2CW2 (CM3H[2CH2)a— X — {CH^ii 

Z 

where all variables are as defined in claims above, each W is, independently, hydrogen or a Ci 
15 toC7all^l. 

R* and R** are, independently, linking moieties formed from the reaction of R and R" 
with a biologically-active compound or precursor thereof, and B and B' are each a 
biologically-active compound, or precursor thereof after conjugation with R and R", 
respectively. 

20 In some embodiments, B and B' are the same type of biologically-active compound. In 

other embodiments, B and B' are different biologically-active compounds. In still other 
embodiments, B and B' are the same biologically active molecule. In additional embodiments, 
R* and R** are the same. In other embodiments, R* and R** are different 
In another aspect, the invention involves a method of treating a patient with a susceptible viral 

25 infection, comprising administering to the patient an effective amount of a composition having 
the structure according to Formula XTV: 

Formula XIV: 
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r Z' 
I 



p_x-(cH2)ir- Q-00sr--(CH2)n- <- (CHj)r-R— b 

-Z J„ 



I 



wherein P is a polyaDcylene glycol polymer, 

X and Y are independently O, S. CO. CO2, COS, SO. SO2. CONR', SOzNR'. or NR'; 
Q is a Ci to Cg saturated or unsaturated cyclic allgrl or cyclic heteroaDcyl (including 
5 fused bicycUc and bridged bicycKc ring structures), a substituted or unsubstituted aryl or 
heteroaiyl group, or a substituted or unsubstituted alkaiyl whereto the alkylis a Cj to C20 
saturated or unsaturated alkyl or heteroalkaiyl group, wherem the substituents are selected 
from the group consistmg of halogen, hydroxyl, caibonyl, carboxylate, ester, fimnyl, acyl, 
thiocaibonyl, tWoester, fliioacetate, thiofonnate. alko:qrl, phosphoryl, phosphonate, 
10 phosphinate, amino, aniido. amidine, imine, cyano, nitro, azido, sulfliydryl, sulfete, sulfonate, 
sulfemoyl, sulfbnamido^ sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, tmmo, silyl, eOier, and aDqrllhio; 

each R', Z and Z' is mdependently hydrogen, a straight- or branched-chain, saturated or 
unsaturated C, to C20 alkyl or heteroaDcyl group, C3 to d saturated or unsaturated cycHc alkyl 
1 5 or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherem the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherem the substituents are selected ftom the group consistmg of 
halogen, hydroxyl carbonyl, carboxylate, ester, formyl, acyl. Ihiocarbonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
20 amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 

sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaiomatic moiety, immo, silyl, ether, and 
alkylthio; 

R* is a linking moieQr, 

B is a biologically-active compound or precursor tiiereof; 
25 misOorl; 

each n is 0 or an toteger fiom 1 to 5; and 
p is 1, 2, or 3. 

In a fiirther aqpect, fee invention involves a method of treatmg a patient wifli a 
susceptible viral infection by administering to the patient an effective amount of a composition 
30 havmg the structure accordmg to Formula XlVa: 

Formula XlVa: 
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P Q (Y)5r-(CH2)r-CH— R*— B 

z 

wherein P is a polyalkylene glycol polymer, m is 0 or 1; andn is 0 or an integer fiom 1 to 5. 

X and Y are independently O. S, CO. CO2, COS, SO, SOj, CONR'. SQiNR*, orNR'; 
and Q is a C3 to Cg saturated or unsaturated cycKc alkyl or cycUc heteioalkyl (including fiised 

5 bicyclic and bridged bicycUc ring structures), a substituted or unsubstituted aryi or heteroaiyl 
group, or a substituted or unsubstituted aUcaryl wherein the alkyl is a Ci to C20 saturated or 
unsaturated alkyl or heteroalkaryl group, wherein the substituents are selected fiom the group 
consisting of halogen, hydroxyl, carbonyl, carboxylate, ester, formyl. acyl, thiocarbonyl. 
Ihioester, tMoacelate, tWofimnalB, alk0xyl,phosphoiyl.phosphonatB,phosphinate, amino, 

10 amido, amidine, imine, cyano. nitro, azido, sulfhydryl, sulfele, sulfonate, sulfamoyl, 

sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiely, imino. 
silyl, ether, and all^lthio. 

Each R* and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to Cwalkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cycUc alkyl 

15 or cyclic heteroalkyl, a substituted or unsubstituted aryl orheteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a C, to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein &e substituents are selected fiom the group consisting of 
halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate. amino, amido, 

20 amidine, imine, cyano, nitio, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 

sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, eflier, and 
all^lthio; 

R* is a linking moiety f(amed fiom the reaction of R with a biologically-active 
compound or precursor Ihereoi^ and B is a biologically-active compound, or precursor thereof, 
25 after conjugation with R 

In one embodiment, B is a biologically-active peptide such as interferon. For example, 

this interferon may be interferon-beta-la. 

In fiirflier embodiments, the composition also includes a biologicany^ictive agent 
selected fiom the group consisting of a small molecule antiviral, a nucleic acid antiviral and a 
30 peptidic antiviral. For example, the antiviral agent may be selected fiom the group consisting 
of ribavirin, levovirin. 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, viramide, VX- 

497, VX-950, and ISIS-14803. 

In various embodiments, the viral infection in need of treatment is chronic hepatitis C. 
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In an additional aspect, the invention involves a method of treating a patient with a 
susceptible viial infection by administering to the patient an effective amount of a composition 
having the stractuie according to Formula XV: 

Formula XV: 



5 




wherem P is a polyalkylene glycol polymer; m is 0 or 1 ; d is 0 or an integer from 1 to 4; 
n is 0 or an integer from 1 to 5; and X and Y are independently O, S, CO, CQz, COS, SO, SO2, 
CONR*,SQ2NR%orNR\ 

Ti and T2 are, independently, absent, or a straight- or hranched-chain, saturated or 

10 unsaturated C] to C20 alkyl or heteroalkyl group, a C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group, or a substituted or 
unsubstituted alkaryl wherem tiie alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, v/herein the substituents are selected from the group consisting of 
halogen, hydroxyl, caibonyl, caiboxylate, ester, foimyl, acyl, thiocarfoonyl, thioester, 

1 5 thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heteiocyclyl, arallqrl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio. 

Each R* and Z is independently hydrogen, a straight- or branched-chain, saturated or 
20 unsaturated Ci to C20 alkyl or heteroalkyl group, Ca to Cg saturated or unsaturated cyclic all^l 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsatorated all^l or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, carboxylate, ester, fonnyl, acyl, thiocarbonyl, thioester, 
25 thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio. 

Each L is, independently, a straight- or branched-chain, saturated or unsaturated Ci to 
30 C20 alkyl or heteroalkyl group, C3 to Cs saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aryl or heteroaiyl group or a substitoted or 
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raBubsthuted alkaiyl wherein the alkyl is a C, to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected ftom the group conasting of 
halogen, hydroxyl, caibonyl, caiboxylate, ester, formyl, acyl. fliiocaibonyl, tMoester, 
thioacetate, fliiofonnate, aDcoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
5 amidme, imine, cyano, nitro, aado, sulfliydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, anlkyl, aromatic moiety, heteroaromatic moiety, imino, sityl, ether, and 
aOcylttio; 

R* is a linking moiety formed ftom the reaction of R with a biologically-active 
compound or precursor thereof, and B is a biologically-active compound, or precursor thereof, 

10 after conjugation wi&R. 

In various embodiments, B is a biologjcally-active peptide such as interferon. For 
exanqple, in one embodiment, B is interferon-beta-la. 

Li anoflier embodiment, the composition fiirtiier contams a biologically-active agent 
selected ftom the group consisting of a small molecule antiviral, a nucleic acid antiviral and a 
15 peptidic antiviral. In other embodiments, the antiviral agent may be selected ftom the group 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, ganciclovir, 
viramide, VX-497, VX-950, and 1818-14803. In addition, the viral infection canbe duonic 
hepatitis C. 

In a further aspect, the invention involves a mefliod of treating apatient with a 
20 susceptible viral infection by administering to the patient an efifective amount of a composition 
having the structure according to Formula XVL 

Formula XVI 




-X — T, 



25 where P is a polyalkylene glycol polymer, misOorl;disOoran integer ftom 1 to 4; n is 0 or 
an integer from 1 to 5; X and Y are independently 0, 8. CO, CO2, COS. SO, SO2, CONR', 
SO2NR', or NR'; Ti and T2 are, independently, absent, or a straight- or branched-chain, 
saturated or unsaturated Ci to C20 alkyl or heteroalkyl group; and each R' and Z is 
independently hydrogen, a straight- or branched-chain, saturated orunsataratedCi to Caalkyl 

30 or heteroalkyl group. 
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Each L is, independently, a straight- or bianched-chain, saturated or unsaturated Ci to 
C2o«>lkyl orheteroalkyl group, C3 to Cg saturated or unsaturated cycKc alkyl or cycHc 
heteroallq^l, a substituted or unsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 

5 hetetoaDcaryl group, wherem the substituents are selected from the group consisting of 
halogen, hydroxyl. caibonyl, caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 
thioacetate, fliioformate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, araDcyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 

10 alkylthio. 

R* is a linking moiety formed from reaction of R with a biologically-active 
compound or precursor thereof, and B is a biologically-active compound, or precursor thereof, 

after conjugation with R. 

In various embodiments, B is a biologically-active peptide such as interferon. For 
1 5 example, B may be interferon-beta-la. 

hi still further embodiments, flie composition further contains a biologically-active 
agent selected from the group consisting of a small molecule antiviral, a nucleic acid antiviral 
and a peptidic antiviral. For example, the antiviral agent may be selected from the groiq) 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudme acyclovir, gancyclovir, 
20 viramide,VX-497,VX-950,andISIS-14803, 

In another embodiment, tibe viral infection is chronic hepatitis C. 
In a furflier aspect, flie invention involves a method of treating a patient with a 
susceptible viral infection by administermg to the patient an effective amount of a composition 
having the structure according to Formula XX: 
25 Formula XX: 




B^R^C^(CH2)a-(Y)irQ-XCW2CW2(O^H^^^^ 



wherein m is 0 or 1 ; d is 0 or an integer from 1 to 4; a is an integer from 4 to 1 0,000; and n is 0 
or an integer from 1 to 5. 
30 Each X and Y is independently O, S, CO, CO2, COS, SO, SO2, CONR\ S02NR\ or 

mC 'y Ti and T2 are, mdependently, absent, or a straight- or branched-chain, saturated or 
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unsatmated C| to C20 alkyl or heteroalkyl group; each R' and Z is independently hydrogen, a 
straight- or branched-chain, saturated or unsaturated Ci to C20 aDcyl or heteroalkyl group; and 
each W is, independently, hydrogen or a C\ to C? alkyl. 

Each L is, independently, a straight- or branched-chain, saturated or unsaturated Ci to 

5 C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aiyl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein flie substituents are selected from the group consisting of 
halogen, hydroxyl, caibonyl, carboxylate, ester, formyl, acyl, thiocaibonyl, thioester, 

10 thioacetate, thiofoimate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, solfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaiomatic moiety, imino, silyl, ether, and 
all^l&io. 

Q is a C3 to Cs saturated or unsaturated cyclic all^l or cyclic heteroalkyl (including 
1 5 fused bicyclic and bridged bicyclic ring structmes), a substituted or unsubstituted aiyl or 
heteroaryl group, or a substituted or unsubstituted alkaryl wherein ihe alkyl is a Ci to C20 
saturated or unsaturated alkyl or heteroalkaiyl groi^, wherein the substituents are selected 
from the group consisting of halogen, hydroxyl, caibonyl, carboxylate, ester, foimyl, acyl, 
thiocarbonyl, thioester, thioacetate, thiofonnate, alkoxyl, phosphoryl, phosphonate, 
20 phosphinate, amino, amido, amidine, imme, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, 
sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aialkyl, aromatic moiety, heteroaromatic 
moiety, imino, sijyl, ether, and alkylthio, 

R* and R** are, independently, linking moieties formed from the reaction of R and R*' 
with a biologically-active compound or precursor thereof, and B and B' are each a 
25 biologically-active compound, or precursor thereof, after conjugation with R and R' 
respectively. 

In some embodiments, B and B' are the same type of biologically-active compound. In other 
embodiments, B and B' are different biologically-active compounds. In still oflier 
embodiments, B and B* are the same biologicalty active molecule. In additional embodiments, 
30 R* and R** are the same. In other embodiments, R* and R** are different 

In various embodhnents, B is a biologically-active peptide such as interferon. For 
example, in one embodiment, B is interferon-beta-la. 

In oflier embodiments, flie composition fiirflier contains a biologically-active agent 
selected from the group consisting of a small molecule antiviral, a nucleic acid antiviral and a 
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peptidic antiviraL For example, the antiviral agent maybe selected from the group consisting 
of ribavirin, levovirin, 3TC, FTC. MB686, zidovudine, acyclovir, gancyclovir, viramide, VX- 
497, VX-950, and ISIS-14803. 

In a further embodiment, the viral infection is chronic hepatitis C. 

In a furfter aspect, the invention involves a method of treating a patient with a 
susceptible viral infection by administering to the patient an effective amount of a composition 
having flie structure according to Formula XXI: 

Formula XXI: 



3^ f 
[ "T-T2-(Y)Gr(CH2Xr R 

B--I^CH^(CH2)irX-CW2CW2(0^2CH2).—X- 



z * 
10 wlieremis0orl;dis0oraniBtegerfromlto4;ai8anintegwfiran4tol0,000;eachiii8 0 

or an integer ftom 1 to 5; each X and Y is independentty O, S, CO, CO2, COS, SO, 

CONR', SO2NR', or NR'; Ti and T2 are, independently, absent, or a straight- or hranched- 

chain, saturated or unsatinated Ci to Cwalkyl or heteroalkyl group; each R' and Z is 

independently hydrogen, a straight- or hranched-chain, saturated or unsaturated Ci to C20 allgrl 

15 or heteroall^l group; and each W is, independently, hydrogen or a Ci to C7 alkyl. 

Each L is, independently, a straight- or branched-chain, saturated or unsaturated C| to 
Cm allgrl or heteroalkyl group, Cj to Cg saturated or unsaturated cycUc allqrl or cyclic 
heteroalkyl, a substituted or unsubstituted aiyl or heteroaryl group or a substituted or 
unsubstitoted aDcaryl wherein the alkyl is a C, to C20 saturated or unsaturated alkyl or 

20 heteroalkaiyl group, wherein flie substitnents are selected from die group consisting of 
halogen, hydroxyl. caibonyl. caiboxylate, ester, fonnyl, acyl, thiocaibonyl, thioester, 
thioacetate, thiofonnate, alkoxyl. phosphoiyl, phosphonate,phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moie^, heteroaromatic moiety, imino, sifyl, ether, and 

25 alkylfljio. 

R* and R** are, independenfly, linking moieties finmed from the reaction of R and R" 
with a biologically-active compound or precuisor thereof and B and B' are each a 
biologically-active compound, or precursor thereof, after conjugation with R and R", 
respectively. 
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In some embodiments, B and B' are the same type of biologicaUy-active compound. In other 
embodiincnts, B and B* are different biologically-active compounds. In still oflier 
embodiments, B and B* ar« the same biologically active molecule. In additional embodiments, 
R* and R** are the same. In ofter embodiments, R* and R** are different 

In various embodiments, B is a biologically-active peptide such as an interferon. For 
example, B maybe is interferon-beta-la. 

hi another embodiment, the composition further contains a biologically-active agent 
selected from the group consisting of a small molecule antiviral, a nucleic acid antiviral and a 
peptidic antiviral. For example, the antiviral agent may be selected from the group consisting 
of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, viramide, VX- 
497, VX-950, and ISIS-14803. 

In a further embodiment, the viral infection is chronic hepatitis C. 
In another aspect, the invention involves a method of treating a patient with a susceptible viral 
infection, comprising administering to the patient an ieffective amount of a composition having 
the structure according to Formula XXII: 

Formula XXn: 
T 

P— X (CH2)irfC-l-(CH2)5-R*— B 



wherein 

P is a polyalkylene glycol polymer; 

X is O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or NR'; 

R' is hydrogen, a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or 
heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a 
substituted or unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaiyl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaiyl group, wherein 
the substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, famne, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamide, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

each Z and Z' is independently hydrogen, a straight- or branched-cham, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cycBc alkyl 
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or cyclic heteroalkyl, a substituted or unsubstituted aiyl or hetcioaiyl group or a substitaled or 
unsubstituted alkaiyl wheiem the alkyl is a C, to C20 saturated or unsaturated alkyl or 
hetraoalkaryl group, wherein die substituents are selected firom the group consisting of 
halogen, hydroxy!, carbony!, caiboxylate, ester, fonnyl, acyl, Ihiocaibonyl, thioester, 
5 fliioacelate, tbiofonnate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine. imine. cyano, nitro, azido, sulftydiyl, sulfate, sulfonate, sulfamoyl sulfonamido, 
sulfbnyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
all^lthio provided diat at least one Z or Z' is not hydrogen; 

R* is a linking moiety, 
IQ B is a biologically-active molecule. 

misOorl; 

each n is 0 or an integer from 1 to 5; and 
pis 1,2, or 3. 

In still another aspect, the invention involves a method of treating a patioit wifli a 
15 susceptible viral infection, comprising administering to the patientan effective amount of a 
composition having the stmctore according to Formula XXIIa: 

FomndaXXIIa: 

p (CH2)„ CH— R* 

Z 

where: P is a potyaDgrlene glycol polymer, m is 0 or 1; n is 0 or an integer from 1 to 5; X is O, 
20 S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or MR'; and R' is hydrogen, a straight- or 
branched-chain, saturated or unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cs 
saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or unsubstituted aiylor 
heteroaryl group or a substituted or unsubstituted alkaiyl wherein the alkyl is a Ci to C20 
saturated or unsaturated aDqrl or heteroalkaiyl group, wherein die substituents arc selected 
25 fiom the group consisting of halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, 
Ihiocaibonyl, thioester, fliioacetate, thiofoimate, alkoxyl, phosphoryl, phosphonate, 
phosphinate, amino, amido, amidme, imine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, 
sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, ether, and alkylfliio. 
30 Z is a straight- or branched-chain, saturated or unsaturated C j to C20 allqrl or heteroallgrl 

group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or 
unsubstituted aiyl or heteroaryl group or a substituted or unsubstituted alkaiyl wheremlBe 
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all^l is a Ci to Cm satnrated or nnsatarated alkyl or heteroalkaryl group, wherein the 
substitaents are selected fiom the group consisting of halogen, hydroxyl, caibonyl, 
carboxylatB, ester, fomyl, acyl, thiocaibonyl, Ihioester, thioacetate, thiofonnate. aDcoxyl, 
phosphoiyl, phosphonate, phospWnate, amino, amido, amidine, imine, cyano, nitro, azido, 
5 sulfhydiyl, sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and aDcylthio. 

R* is a linking moiety formed from the reaction of R with a biologically-active 
compound or precursor fliereo^ and B is a biologically-active compound, or precursor thereof, 

after conjugation with R. 
10 In various embodnnents, B is a biologically-active peptide such as interferon. For 

example, B may be interferon-beta-la. 

In another embodiment, fte composition further contains a biologically-active agent 
selected from the group consisting of a small molecule antiviral, a nucleic acid antiviral and a 
peptidic antiviral. For example, the antiviial agent may be selected from the group consisting 
15 of ribavirin, levovirin, 3TC, FTC, MB686, zidovttdine, acyclovir, gancyclovir, viramide, VX- 
497, VX-950, and IMS-14803. 

In a fiirflier anbodimen^ flie viral infection is chronic hepatitis C. 
In yet anoflier aq)ect, tije invention involves a mefliod of treating a patient witii a 
susceptible viral mfection by administering to the patient an effective amount of a composition 
20 having the structure according to Fonmula XXIV: 

Formula XXIV: 

z • 
where: m is 0 or 1 ; a is an integer from 4 to 10,000; each n is independently 0 or an integer 
from 1 to 5; each X and Y is independenfly O, S. CO, CCb, COS, SO, SO2. CONR', SO2NR'. 
25 or MR'; each R' and Z is independent^ hydrogen, a straight- or btanched-chain, saturated or 
unsaturated C, to Cajalkyl or heteroalkyl group; and each W is, independenfly, hydrogen or a 
Ci to C7 alkyl. 

Q is a C3 to Cs saturated or unsaturated cyclic alkyl or cyclic heteroalkyl (including 
fused bicyclic and bridgpd bicycKc ring stnictures), a substituted or unsubstituted aryl or 
30 heteroaryl group, or a substituted or unsubstituted alkaiyl wherein the alkyl is a Ci to Cjo 
saturated or unsaturated alkyl or heteroalkaryl group, wherein the substituents are selected 
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from the group consisting of halogen, hydnayl, caibonyl, caiboxylate, ester, fonnyl. acyl, 
thiocaibonyl, thioester, thioacetate, thiofonnate, alkoxyl, phosphoiyl, phosphonate, 
phosphinate, amino, amido. amidine, imme, cyano, nitro, azido. sulfhydryl. sulfate, sulfonate, 
sulfemoyl, sulfonamido, sulfonyl,heteiocyclyl, aialkyl, aromatic moiety, heteroaromatic 
5 moiety, imino,silyl,eflier, and alkylthio. 

R* and R** are, independenUy, linking moieties fomied from the reaction of R and R" 
with a biologically-active compound or precursor thereof and B and B' are each a 
biologically-active compound, or precursor thereof, after conjugation with R and R", 
respectively. 

10 In some embodiments. B and B' are the same type of biologically-active compound. In other 
embodiments, B and B' are different biologically-active compounds. In stUl other 
embodiments, B and B' are the same biologically active molecule. In additional embodhnents, 
R* and R** are the same. In other embodiments, R* and R** are different 

In various embodiments, B is a biologicalfy-active peptide such as interferon. For 
1 5 example, B may be interferon-beta-la. 

In other embodiments, the composition further contains a biologically-active agent 
selected from the group consisting of a small molecule antiviral, a nucleic acid antiviral and a 
peptidic antiviral For example, the antiviral agent may be selected from the group consisting 
of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, viranride, VX- 
20 497, VX-950, and ISIS-14803. 

In still other embodiments, the viral infection is chronic hepatitis C. 
In an additional aspect, the invention involves a method of treating a patient with a susceptible 
viral infection by administering to the patient an effective amount of a composition having the 
structure according to Formula XXV: 
25 Fonnula XXV: 



B*— R^^CH— (CH2)„ X CW2CW2-(0^2CH2)r-X — (CHjX. 



Z 



wherein each W is, independently, hydrogen or a Ci to C7 attyl; a is an integer from 4 to 
10,000; each n is independently 0 or an integ« from 1 to 5; X is O, S, CO, CO2, COS, SO, 
SO2, CONR', SOiNR', or NR'; and each and Z is independently hydrogen, a straight- or 
30 branched-cham, saturated or unsaturated Ci to C20 aDcyl or heteroalkyl group. 
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R* and R** aie, independently, linking moieties fonned from the reaction of R and R" 
with a biologically-active compound or precuisor thereof and B and B' are each a 
biologically-active compound, or precursor thereof after conjugation with R and R", 
respectively. 

5 In some embodiments, B and B* are tiie same type of biologically-active compound. In other 
OTibodiments, 5 and B* are different biologically-active compounds. In still other 
embodiments, B and B' are tiie same biologically active molecule. In additional embodiments, 
R* and R** are flie same. In other embodiments, R* and R** are different. 

In various embodiments, B is a biologically-active peptide such as interferon. For 
10 exaniple, B may be interferon-beta-1 a. 

In another embodiment, the composition furtiier contains a biologically-active agent 
selected from the group consisting of a small molecule antiviral, a nucleic acid antiviral and a 
peptidic antiviral. For example, tiie antiviral agent may be selected from tiie group consisting 
of riba^ levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, viiamide, VX- 
15 497, VX-950, and ISIS-14803. 

In still other embodiments, the viral infection is chronic hepatitis C. 
The present mvention is also concerned wifli a mefliod of treating a patient suspected of 
having hepatitis C infection by administering to the patient a combmation of any of the 
compositions of the invention and an antiviral agent In various embodiments, fee composition 
20 and flie antiviral agent are administered simultaneoudy, sequentially, or alternatively. 
In one embodiment, flie antiviral agent is ribavirin. 

Unless ofterwise defined, all technical and scientific terms used herein have tiie same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Alfliough methods and materials similar or equivalent to fliose described herein can 

25 be used in tiie practice or testing of tiie present invention, suitable metiiods and materials are 
described below. All publications, patent applications, patents, and other references mentioned 
herein are incorporated by reference in tiieir entirety. In case of conflict, flie present 
specification, including definitions, wiU control. In addition, tiie materials, metiiods, and 
examples are illustrative only and not intended to be limiting. 

30 Otiier features and advantages of tiie invention will be apparent from flie following 

detailed description, and from the claims. 
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BRIEF Description of the DRAWINGS 



The present invention will be further understood firom the following description with 
reference to tte tables, in which: 

5 FIG. 1 is a reducing SDS-PAGE gpl showing the pinity of unmodified IFN-P-la and 

20 kDa mPEG-O-2-methylpropionaldehyde-modified IFN-P-la: Lane A: molecular weight 
maricers (fiom top to bottom; 100 kDa, 68 kDa, 45 kDa, 27 kDa, and 1 8 kDa, respectively); 
Lane B: 4 ^g of unmodified IFN-P-la; Lane C: 4 ng of 20 kDa mPEG-0-2- 
metfaylpropionaldehyde-modified IFN-P-la. 

10 FIG. 2 depicts traces of the size exclusion chromatography of unmodified IFN-p-la and 

20 kDa mPEG-0-2-methy]pn>pionaldehyde-modified IFN-p-la: Panel A: molecular weight 
standards; Panel B: 20 kDa niPEG-O-2-metiiylpropionaldehyde-modified IFN-P-la; Panel C, 

* unmodified IFN-P-la. 

FIG. 3 is a trace of flie size exclusion chromatography of 20 kDa mPEG-O-w- 

1 5 methylphenyl-O-2-mefliylpropionaldehyde-modified IFN-P-1 a. 

FIG, 4 is a reducing SDS-PAGE gel showing the purity of unmodified IFN-P-la and 
20 kDa mPEG-O-p-phenylacetaldehyde-modified IFN-p-la: Lane A: 2.5 ^g of 20 kDa mPEG- 
O-p-phenylacetaldehyde-modified lEN-P-la; Lane B: 2.5 \xg of uiunodified IFN-P-la; Lane C: 
molecular weight markers (bom top to bottom; 100 kDa, 68 kDa, 45 kDa, 27 kDa, and 1 8 kDa, 

20 respectively). 

FIG. 5 depicts traces of the size exclusion chromatography of 20 kDa mPEG-O-/?- 
phenylacetaldehyde-modified IFN-p-la; Panel A: molecular weight standards; Panel B: 20 
kDa mPEG-0-/7-phenylacetaldehyde-modified IFN-P-la. 

FIG. 6 is a reducing SDS-PAGE gel depictmg the stability of 20 kDa mPEG-O-p- 
25 phenylacetaldehyde-modified IFN-p- 1 a: Lane A: molecular weight maricers (from top to 

bottom; 100 kDa, 68 kDa, 45 kDa, 27 kDa, 18 kDa, and 15 kDa, respectively); Lanes B, C, D, 
and E: 2 ^xg of 20 kDa mPEG-O-p-phenylacetaldehyde-modified IFN-P-la removed for assay 
at day 0, 2, 5, and 7, respectively. 

FIGS. 7A-B show flie antiviral activity of various PEGylated human IFN-P-la samples 

30 as a function of protein concentration: FIG. 7A; unmodified IFN-P-la (O), 20 kDa mPEG-O- 

2-methylpropionaldehyde-modified IFN-p-la (□), 20 kDa mPEG-0-/wnethylphenyl-0-2- 

methylpropionaldehyde-modified IFN-P-la (A), and 20 kDa mPEG-O-m-methylphenyl-0-2- 
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methylpiopionaldehyde-modified IFN-p-la (o). FIG. 7B; unmodified IFN-P-la (O), 20 kDa 
mPEG-O-iJ-phenylacetaldehyde-modified IFN-P-la (□), 20 kDa mPEG-O-p- 
phenylpiopionaldehyde-modified BFN-p-la (a), and 20 kDa mPEG-O-w-phenylacetaldehyde- 

modified IFN-P-la (o). 

FIGS. 8 A-B are graphs dqricting flie phannacokinetics of unmodified and various 
PEGylated human IFN-p-la samples: FIG. 8A: Unmodified IFN-p-la (upper panel) and IFN- 
P-la modified with 20 kDa mPEG-O-2-methylpropionaldehyde Oower panel); HG. 8B: IFN- 
P-la modified with 20 kDa niPEG-0-/>-mefliylphenyI-0-2-methylpK)pionaldehyde (upper 
panel) and 20 kDa niPEG-0-M>heiQrlacetaldehyde (lower panel). 

FIGS. 9 A-B are graphs depictii« the phannacokinetics of unmodified and various 
PEGylated human IFN-p-la samples: HG. 9A: Unmodified IFN-P-la (upper panel) and IFN- 
P-la modified with 20 kDa mPEG-0-/>-phenylpiopionaldehyde Oower panel); FIG. 9B: IFN- 
p-la modified with 20 kDa mPEG-0-m-i)henylacetaldehyde (upper panel) and 20 kDa mPEG- 
C)-»f-mefliylpheivl-0-2-mefliylprcvionalddiyde (lower panel). 

FIG. 10 is a har graph comparing a angje admmislration of 20 kDa mPEG-O-2- 
mefliylpiopionaldehyd&-modified IFN-P-la, wifl» daily administration of unmodified IFN^-la 
at reducing flie numher of radially-oriented neovessels in nu/m mice carrying SK-MEI^l 
human malignant melanoma cells: treatment with vehicle control once on day 1 only (bar A); 
treatment with 1 MU (5 jig) of unmodified IFN-p-la daily on days 1-9 inclusive (bar B); 
treatment with 1 MU (10 jig) of 20 kDa niPEG-O-2-methylpropionaldehyde-niodified IFN- 
P-la once on day 1 only (bar Q; and treatment with vehicle control daily on days 1-9 inctasive 
(barD). 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is directed to compounds and methods useful in the treatment of various 
diseases and disorders. As explained in detail below, such diseases and disorders include, in 
particular, those which are susceptible to treatment with interferon therapy, including but not 
limited to viral infections such as hepatitis infections and autoimmune diseases such as 
multiple sclerosis. 

The compounds of flie invention mclude novel, activated polyallqrlene glycol 
compounds according to Formula I: 
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Fonnula I: 

P ^X— Q (y)s (CH2)„— CH 

Z 

where P is a water soluble polymer such as a polyalkylene glycol polymer. A non- 
limiting list of such polymers include other polyalkylene oxide homopolymers such as 
5 polypropylene glycols, polyoxyethylenated polyols, copolymers thereof and block copolymers 
thereof. Other examples of suitable water-soluble and non-peptidic polymo: backbones 
include poly(oxyethylated polyol), poly(olefinic alcohol), poly(vinylpynolidone), 
poly(hydroxypropylmethaCTylamideX po!y(a-hydroxy acid), poly(vinyl alcohol), 
polyphosphazene, polyoxazoline, poly(N-aciyloylmorpho]ine) and copolymers, terpolymers, 

1 0 and mixtures thereof In one embodiment, the polymer backbone is poIy(ethyIene gfycol) or 
monomethoxy polyethylene glycol (mPEG) having an average molecular weight fiom about 
200 Da to about 400,000 £>a. It should be understood tiiat other related polymers are also 
suitable for use in die pmctice of this invention and that the use of the term PEG or 
poIy(ethylene glycol) is intended to be inclusive and not exclusive m this respect The term 

1 5 PEG includes poly(ethylene glycol) in any of its forms, including alkoxy PEG, difimctional 
PEG, multi-armed PEG, forked PEG, branched PEG, pendent PEG, or PEG with degradable 
linkages therein. 

In the class of compoimds represented by Formula I, there are between zero and five 
methylene groups between Y and the Z-containing caibon (eg,, n is zero or an integer from 
20 one to five) and m is zero or one, e.g., Y is present or absent. 

X and Y are, independently, 0, S, CO, CO2, COS, SO, SO2, CONR', SO2NR*, or MR*. 
In some embodiments, X and Y are oxygen. 

Q is a C3 to Cg saturated or unsaturated cyclic all^I or cyclic heteroalkyl (including 
fiised bicyclic and bridged bicyclic ring stractures), a substituted or unsubstituted aryl or 
25 heteroaryl group, or a substituted or unsubstituted alkaryl wherein the alkyl is a Ci to C20 
saturated or unsaturated aOgrl or heteroalkaryl group. The substituents can be halogen, 
hydroxyl, carbonyl, carboxylate, ester, fpimyl, acyl, thiocaxbonyl, tfaioester, fliioacetate, 
thioformate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, amidine, imine, 
cyano, nitto, azido, sulfhydryl, sulfate, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
30 moiety, heteroaromatic moiety, imino, sulfamoyi, sulfonate, silyl, ether, or alkylthio. 

The Z substituent is hydrogen, a straight- or branched-chain, saturated or unsaturated 
Ci to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aiyl or heteroaryl group or a substituted or 
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unsubstituted alkaiyl wherein the aDcyl is a C, to Cm saturated or unsaturated alkyl or 
heteroalkaryl gioup. The substituents can bjs halogen, hydioxyl. caAonyl, caiboxylate, ester, 
forrayl, acyl, thiocaibonyl, thioester, thioacetate, fliiofoimate, alkoxyl, phosphoryl, 
phosphonate, phospWnate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydiyl, 
5 sulfete, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aialkyl, aromatic moiety, 
h^eroaromatic moiety, imino, sulfimoyl, sulfonate, silyl, eflier, or alkyWiio. 

When X or Y is NR*. R' can be hydrogen, a sttai^t- or branched-chain, saturated or 
unsaturated Ci to C2oalkyl or heteroalkyl group, a Cj to Cg saturated or unsaturated cyclic alkyl 
or cycKc heteroallqrl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
10 unsubstitulBd alkaryl, wherein the alkyl is a Ci to Cm saturated or unsaturated alkyl or 

heteroalkatyl group. The substituents can be halogen, hydroxyl, carbonyl, caiboxylate, ester, 
foimyl, acyl, Ihiocarbonyl, thioester, thioacetate, flrioformate, alkoxyl, phosphoryl, 
phosphonate, phosphinate, amino, amido. amidine, imine, cyano, nitro, azido, sulfhydiyl, 
sulfete, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, 
15 heteroaromatic moiety, imino, sulfamoyl, sulfonate, silyl, ether, or alkylthio. 

R is a reactive functional group, i.e., an activating moiety capable of reacting to form a 
linkage or a bond between the compound of Formula I and a biologically-active compound or 
precursor thereof. Thus, R represents the "activating group" of the activated polyalkylene 
glycol compounds (PGCs)represented by Formula I. R can be, for example, a carboxylic acid, 
20 ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 
acrylate, methacrytete, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, Iqrdrazide, protected hydraade, succinnni^l, 
isocyanate, isofliiocyanate, dithi<q*yri«Sn«. vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
25 8Uccinimidyl,dione,mesyl,to8yl,orglyoxal. In particular embodiments, R is an aldehyde 

hydrate. 

Specific examples of R in flie literature include N-succinimi^l carbonate (see e.g., 
U.S. Patent Nos. 5,281,698, 5,468,478), amine (see e.g., Buckmann et al.Makromol. Chem. 
182:1379 (1981), Zaplipsky et al. Eur. Polym. J. 19:1 177 (1983)), hydrazide {See. eg., 
30 Andresz et al Makromol. Chem. 179:301 (1978)), succinimidyl propionate and succinimidyl 
bulanoate {see, e.g. Olson et al. in Poly (ethylene glycol) Chemistry & Biological Applications, 
pp 170-1 81, Hairis & Zaplipsky Eds., ACS. Washington. DC, 1997; see abo U.S. Patent No. 
5,672.662), succinimidyl succinate {See. e.g., Abuchowski et al. Cancer Biochem. Biophys. 
7:175 (1984) and Joppich et al. Macrolol. Chem. 180:1381(1979), succinimidyl ester {see, eg.. 
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U.S. Patent No. 4,670,417), benzotriazole caAoiate {see. e.g.. U.S. Patent No. 5 5,650,234), 
glycidyl ether {see. e.g., Piflia et al Eur. J. Biochem. 94:1 1(1979), EDing et al, Biotech. Appl. 
Biochem. 13:354 (1991), oxycaibonylimidazole {see. e.g. Beauchamp, et al.. Anal. Biochem. 
131:25 (1983). Tondeffi etal. J. Controlled Release 1:251 (1985)),p-nitrophenylcaibonite 

5 {see. e.g., Veronese, e/fli.4RP'^S«ocACTi. Biotech.. 11:141 (1985); and Sartore e< a/., ^/y/. 
Biochem. Biote<*.. 27:45 10 (1991)), aldehyde {see. e.g., Harris et al J. Polym. Sci. Chem. Ed. 
22:341 (a984), U.S. Patent No. 5,824,784, U.S. Patent 5^52,714), malennide {see. eg., 
Goodson et al. BioO-echnology 8:343 (1990). Romani et al. in Chemistry of Peptides and 
Proteins 2:29 (1984)). and Kogan, Synthetic Comm. 22:2417 (1992)), orthopyridyl-disulfide 

10 {see. e.g., Woghiren. et al. Bioconj. Chem. 4:314 (1993)), aciylol {see. e.g., Sawhney 15 et al., 
Macromolecules, 26:581 (1993)), vinylsulfone (see. e.g., U.S. Patent No. 5,900,461). In 
addition, two molecules of the polymer of this invention can also be linked to the amino acid 
lysine to form a di-substituted lysine, which can feen be further activated with N- 
hydioxysuccinimide to form an active N-succinimidyl moiely {see. eg, U.S. Patent No. 

15 5,932,462). 

The terms "functional group", "active moie^, "active group", "activating group", 
"activatmg moiety", "reactive site", "chemically-reactive group" and" chemically-reactive 
moiety" are used m the art and herein to refer to distinct, definable portions or units of a 
molecule. The terms are somewhat synonymous m tiie chemical aits and are used herein to 
indicate the portions of molecules having a characteristic chemical activity and which are 
typically reactive with other molecules. "Ihe term "active," when used in conjunction with 
functional groups, is intended to inchide those functional groups that react readily with 
electrophilic ornucleophilic groups on other molecules, in contrast to fliose groups tiiat require 
strong catalysts or highly impractical reaction conditiwis in order to react For example, as 
25 would be understood in the art, the term "active ester" would include tiiose esters that react 
readily wifli nucleophilic groups such as amines. Typically, an active ester wUl react with an 
amine in aqueous medium in a matter of minutes, whereas certain esters, such as mefliyl or 
efliyl esters, require a strong catalyst in order to react with a nucleophilic group. 

In the compounds of the invention as defined above, flie functional group R becomes a 
30 linking moiety, R*, after it has reacted with a biologically-active molecule to form a linkage or 
bond between the activated polyalkylene glycol compound (PGC) and flie biologically-active 
compound. Thus. B is a biologically-active compound after conjugation to tije PGC and R* is 
a moiety formed by the reaction of R on the activated PGC with one or more reactive 
fimctional groups on the biologically-active compound, B. such that a single covalent 
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attachment results between flie PGC and biologically-active compound. In a preferred 
embodiment, R» is a moiety fonned by flie reaction of R on the activated PGC with a single 
reactive functional group on the biologically-active compound, such ftat a covalent attachment 
results between the activated polyalkylene glycol compound (PGC) and the biologically-active 



The biologically-active conqwund or precursor fliereof (B) is preferably not adversely 
affected by the presence of the PGC. Additionally, B either naturally has a functional group 
which is able to react wifli and fonn a linkage with the activated PGC, or is modified to contain 
such a reactive group. 

10 As used herein, a precursor of B is an inactive or less active form of B that changes to 

the active or more active form, respectively, upon contact with physiological conditions, e.g., 
administration to a subject Such changes can be conformational or structural changes, 
inchiding, but not limited to, changing ftom a protected form to a non-protected fimn of B. As 
used herein, such change does not include release of the corrugated PGCs of fliis invention. 

15 As would be understood in fte art, the term "protected" refers to the presence of a 

protecting group ormoiety that prevents reaction of flie chemically-reactive functional group 
under certam reaction condilions. The protecting group will vary depending on flie type of 
chenrically-reactive group being protected. For example, if flie chemicaHy-reactive group is an 
amine or a hydrazide, flie protecting group can be selected ftcm flie group of tert- 

20 butyloxycarbonyl (t-Boc) and 9-flnorenyhneflioxycaibonyl (Fmoc). If flie chemicaUy-reactive 
group is a fliiol, flie protecting group canbe orfliopyridyldisulfide. If flie chemically-reactive 
group is a carboxyKc acid, such as butanoic or propionic acid, or a hydroxyl group, flie 
protecting group can be benzyl or an allqrl group such as meflQTl or efliyl. Oflier protecting 
groups known in flie art may also be used in flie invention. 

25 The terms "linking moiety", "linkage" or "linker" are used herein to refer to moieties or 

bonds fliat are formed as flie result of a chemical reaction and typically are covalent linkages. 
Thus, flie linkage represented by bond R*-B in flie above formulae results firom the reaction 
between an activated moiety, R, on flie PGC wifli a biologically-active compound, i.e., B'. R* 
is flie linking moiety fonned fiom R upon reaction with B', and B is tiie biologically-active 

30 compound as conjugated to the PGC by reaction of a functional group on B' wifli R. 

As used herein, flie term "biologically-active compound" refers to those compounds 
fliat exhibit one or more biological responses or actions when administered to a subject and 
contain reactive groups that contain reactive moieties flat are capable of reacting wifli and 
conjugating to at least one activated PGC of flie invention. TTie term "biologically-active 
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molecule", "bioIogicaUy-active moiety" or "biologically-active agenf when used herein means 
any substance which can affect any physical or biochemical prq>erties of ai^ subject, 
including but not limited to viruses, bacteria, fungi, plants, animals, and humans. In particular, 
as used herein, biologicalfy-active molecules include any substance intended for diagnosis, 
5 cure, mitigation, treatment, or prevention of disease in humans or other animals, or to 
otherwise enhance physical or mental well-being of humans or animak. 

Examples of biologically-active molecules include, but are not limited to, peptides, 
peptide analogs, proteins, enzymes, small molecules, dyes, lipids, nucleosides, 
oHgonucleotides, analogs of oUgonucleotides, sugars, oligosaccharides, cells, viruses, 
10 liposomes, microparticles, surfaces and micelles. 

Qasses of biologically-active agents that are suitable for use with the invention include, 
but are not Innited to, chemokines, lymphokines, antibodies, soluble receptors, anti-tumor 
agents, anti-anxiety agents, homiones, growA factors, antibiotics, fungicides, fungistatic 
agents, anti-viral agents, steroidal agents, antimicrobial agents, gennicidal a^ts, antipyretic 
15 agents, antidiabetic agents, bronchodilators, antidianheal agents, coronary dilation agents, 
glycosides, spasmolytics, antihypertensive agents, antidepressants, antianxiety agents, other 
psycho&erapeutic agents, corticosteroids, analgesics, contraceptives, nonstraoidal anti- 
inflammatoiy drugs, blood glucose lowering agents, cholesterol lowering agents, 
anticonvulsant agents, other antiepUeptic agents, immunmnodulators, anticholmargics, 
20 sympatholytics, sympathomimetics, vasodilatory agents, anticoagulants, antiarrhythmics, 
prostaglandins having various pharmacologic activities, diuretics, sleep aids, antihistammic 
agents, antineoplastic agents, oncolytic agents, aniiandrogens, antimabrial agents, antUepiosy 
agents, and various other types of drugs. See Goodman and Gihnan's The Basis of 
Therapeutics (Ninth Edition, Pergamon Press, Inc., USA, 1996) and The Merck Index 
25 (Thirteenth Edition, Merck & Co., Inc., USA, 2001), each of which is incorporated herein by 
referoice. 

Biologically-active compounds include any compound that exhibits a biological 
response in its present form, or any compound that exhibits a biological response as a result of 
a chemical conveision of its structure fiom its present form. For example, biologically-active 
30 compounds will include any compound that contains a protective group that, when cleaved, 
results in a compound that exhibits a biological response. Such cleavage can be the result, for 
example, of an in vivo reaction of the compound with endogenous en^es or a pie- 
administration reaction of the compound, including its reaction with the activated PGCs of this 
invention. As a furflier example, biologically-active compounds wfll also include any 
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compoimd which undergoes a steiieotransfonnation, in vivo or ex vivo, to fonn a compound that 
exhibits a biological respond or action. 

Biologically-active compounds ^ically contain several reactive sites at which 
covalent attachment of the activated PGC is feasible. For example, amine groups can undergo 

5 acylations, sulfhydiyl groups can undergo addition reactions and alkylations, caibonyl and 
caiboxyl groups can undergo acylations, and aldehyde and hydroxyl groups can undergo 
amination and reductive amination. One or more of these reactions can be used in the 
preparation of the polyalkylene gjycol-modified biologically-active compounds of the 
invention, hi addition, biologically-active compounds can be modified to form reactive 

10 moieties on the compound that facihtate such reactions and tiie resultant conjugation to the 
activated PGC. 

Those of ordinary skill will recognize numerous reaction mechanisms available to 
facihtate conjugation of the activated PGC to a biologically-active compound. For example, 
when flie activating moiety, R, is a hydrazide group, it can be covalentiy coupled to sulfhydryl, 
15 sugar, and carbonyl moieties on tiie biologically-active compounds (after these moieties 
undergo oxidation to produce aldehydes). The reaction of hydrazide activating moieties (S) 
witii aldehydes on biologicaUy-active compounds (B') creates a hydrazone luikage (R*-B). 
When R is a maleimide group, it can be reacted witii a sulfhydryl group to form a stable 
tWoetherlmkage. If sulfhydryls are not present on the biologicany-activecomporaid,ttie^ 
20 be created through disulfide reduction or flaough thiolation wifli 2-iminothiolane or SATA. 
When R is an imidoester it will react with primary amines on B' to form an imidoamide 
linkage. Imidoester conjuption is usually performed between pH 8.5-9.0. When connecting 
flie activated PGCs to biologically-active protems, unidoesters provide an advantage over other 
R groups since they do not affect the overall charge of the protein. They cany a positive 
25 charge at physiological pH, as do tiie primary amines they replace. Imidoester reactions are 
carried out between 0 ^'C and room temperature (e.g., at 4 ^C), or at elevated temperatures 
under anhydrous conditions. When R is an NHS-ester, its principal target is primary amines. 
Accessible a-amine groups, for example those present on flie iV-termini of peptides and 
proteins, react vnth NHS-esters to form a covalent amide bond. 
30 In some embodiments, R*-B is a hydrolytically-stable linkage. A hydrolyticaUy stable 

linkage means that the linkage is substantially stable in water and does not react with water at 
useful pHs, e.g., the linkage is stable under physiological conditions for an extended period of 
time, perhaps even indefinitely, hi other embodiments, R*-B is a hydrolytically-unstable or 
degradable Imkage. A hydrolytically-unstable linkage means tiiat the linkage is degradable in 
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water or in aqueous solutions, including for example, blood. Enzymatically-unstable or 
degradable linkages also means tbat the linkage can be degraded by one or more enzymes. 

As understood in the art, polyalkylene and related polymers may include degradable 
linkages in die polymer backbone or in the linker group between the polymer backbone and 

5 one or more of the terminal functional groups of the PGC molecule. For example, ester 
linkages formedby the reaction of, e.g., PGC caiboxylic acids or activated PGC caiboxylic 
acids with alcohol groups on a biologically-active compound generally hydrolyze under 
physiological conditions to release the agent Other hydrolytically-degradable linkages include 
carbonate linkages; imine linkages resulted ftom reaction of an amine and an aldehyde (See, 

10 e.g., Ouchi et al. Polymer Preprints, 38(l):582-3 (1997)); phosphate ester linkages foimed by 
reacting an alcohol with a phosphate group; acetal linkages that are the reaction product of an 
aldehyde and an alcohol; orthoester linkages that are the reaction product of a fomiate and an 
alcohol; peptide linkages formed by an amine group, e.g., at an end of a the PGC, and a 
carboxyl group of a peptide; and oligonucleotide linkages formed by a phosphoramidite group, 

15 eg., at the end of a polymer, and a 5* hydroxyl group of an oligonucleotide. 

The polyalkylene glycol, P, can be polyethylene glycol, having the stmcture of Fonnula 

E: 

Fonnula n: 
E-(0-CH2CH2)a-^ 

20 wherein a is an integer fiom 4 to 10,000 and E is hydrog^ or a straight- or branched-chain Ci 
to C20 alkyl group, a detectable label, or a moiety suitable for forming a bond between the 
compound of Formula I and a biologically-active compound or precursor thereof. 

Thus, when E is a moiety suitable for forming a bond between die compound of 
Formula I and a biologically-active compound or precursor thereof, E can be a carboxyUc acid, 

25 ester, aldehyde, aldehyde Itydrate, acetal, hydroxy, protected hydroxy, caibonate, alkenyl, 
aciylate, metfaaciylate, aciylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 

30 succinimidyl, dione, mesyl, tosyl, or glyoxal. It is to be understood that E should be 
compatible with R so that reaction between E and R does not occur. 

By "detectable label" is meant any label capable of detection. Non-limiting examples 
include radioactive isotopes, fluorescent moieties, phosphorescent moieties, chemiltmMnescent 
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mmeties, and quantum dots. Oflier detectable labels include biotin, cysteine, histidine, 
haemagghitinin, myc or flag tags. 

In some embodiments, E has the structure according to Formula El or Formula IV: 

Formula m ■ 
R- UC—iCa^ 00m— Q— X— CW2CW2 — 



Formula IV 
-HC— (CH2)5 CW2CW2 



Z 

Each Q, X. Y, Z, m, and n are as defined above, and each W is, independaitly, 

hydrogen or a Ci to C7 alkyl. 

10 In this class of compounds, R" is a moiety suitable for forming a bond between ti»e 

compound of Foimula m and a biologically-active compound or precursor thereof; and R'" is 
a moie^ suitable fia forming a bond between the compound of Formula IV and a biologically- 
active compound or precursor diereof . 

R" and R'" can be of carboxylic acid, ester, aldehyde, aldelqfde hydrate, acetal, 

15 hydroxy, protected hydroxy, carbonate, alkenyl, actylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isofliiocyanate, ditWopyridine, vinylpyridine. 
iodoacetamide, epoxide, hydraxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succuiimidyl, dione, mesyl, tosyl, or glyoxal. It is to be understood that R" and 

20 R'" should be compatible with R so tiiat reaction with R does not occur. 

As used herein, R" and R'", upon conjugation to a biologically-active compound or 
precursor tiiereof, form linking moieties as defined above. Thus, R** is a linking moiety 
formed by tiie inaction of tiie R" or R'" group on tiie activated PGC with a reactive fimctional 
group on the biologically-active compound, such that a covalent attachment results between 

25 the PGC and the biologically-active compound. R and R" or R' " can be the same moiety or 
different moieties, and the biolo^cally-active compound bour«J to each can be tiie same or 
different 

As used herein, flie term "alkyl" refers to flie radical of saturated aliphatic groups, 
including straight-chain alkyl groups, branched-chain alkyl groups, cydoalkyl (alicyclic) 
30 groups, alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In 

preferred embodiments, a straight chain or branched chain alkyl has 30 or fewer carbrai atoms 
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in its backbone ,C,-Cy^for straight chain, Cj-Cj^ for branched chain), and more preferabty 
20 or fewer. Likewise, preferred cycloalkyls have fiom 3-10 caibon atoms in tteir ring 
structure, and more preferably have 5, 6, or 7 carbons in flie ring structure. 

Moreover, the term "alkyl" (or "lower alkyl") is intended to include both "unsubstituted 

5 alkyls" and "substituted aDcyls", the latter of which refers to alkyl moieties having substituents 
replacing a hydrogen on one or more carbons of the hydrocarbon backbone. Such substituents 
can include, for example, a halo^ a hydroxyl, a carbonyl (such as a carboxyl, an 
alkoxycarbonyl. a formyl. or an acyl), a thiocarbonyl (such as a thioester, a thioacetate, or a 
thiofonnate), an alkoxyl, a phosphoryl, a phosphonate, a phosphinate, an amino, an amido, an 

10 anddine, an imine, a cyano, a nitro, an azido, a sulfhydryl. an alkylthio, a sulfate, a sulfonate, a 
sulfemoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or 
heteroaiomatic moiety. It will be understood by those skilled in the art that the moieties 
substituted on the hydrocarbon chain can themselves be substituted, if appropriate. For 
instance, the substituents of a substituted alkyl may include substituted and unsubstituted forms 

15 of amino, azido. imino, amido, phosphoryl (mcluding phosphonate and phosphinate), sulfonyl 
(including sulfete, sulfonamido. sulfemoyl. and sulfonate), and silyl groups, as well as ethers, 
alkylfliios, carbonyls (inchiding ketones, aldehydes, carboxylates, and esters), -CF3, -CN and 
the like. Cycloalkyls can be further substituted with alkyls, alkenyls, alkoxys, allgrlthios, 
aminoallqrls. carbonyl-substituted alkyls,-CF3. -CN, and die like. 

20 The term "aralkyl", as used herein, refers to an alkyl group substituted with an aryl 

group {e.g., an aromatic or heteroaromatic group). Exemplary aralkyl groups include, but are 
not limited to, benzyl and more generally (Oli)^, where Ph is phenyl or substituted phenyl, 
and n is 1,2, or 3. 

The terms "alkenyl" and "alkyiQrr refer to unsaturated aliphatic groups analogous in 
25 length and possible substitution to the alkyls described above, but fliat contain at least one 
double or triple bond, respectively. 

Unless the number of carbons is ottierwise specified, "lovtrer aDgrl" as used herein 
means an alkyl ffovp, as defined above, but having fijom one to ten carbons, mwe preferably 
from one to six carbon atoms in its backbone structure. Likewise, "lower alkenyr and "lower 
30 alkynyl" have similar cham lengths. Preferred allqrl groups are lower alkyls. In preferred 
embodiments, a substituent designated herein as aSkyl is a lower alkyl. 

The term "aiyl" as used herein includes 5-, 6-, and 7-membered single-ring aromatic 
groups fliat may include firan zero to four heteroatoms, for example, benzene, pyrrole, fiiran, 
thiophene, imidazole, oxazole, fliiazole, triazole, pyrazole, pyridine, pyrazine, pyridazine and 
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pyrimidme. and the like. Those aryl groups having heteroatoms in the ring structure may also 
be referred to as "aryl heterocycles" or "heteroaiomatics." Hie aromatic ring canbe substituted 
at one or more ring positions with such substituents as described above, for example, halogen, 
azide, alkyl. aralkyl. alkenyl. alkynyl, cycloalkyl, hydroxyl, alkoxyl. amino, nitro. sulfhydiyl, 
5 imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, 
sulfonamido, ketone, aldehyde, ester, heterocyclyl. aromatic or beteroaromatic moieties, -CF3, 

or the like. The term "aiyP also includes polycyclic ring systems having two or more 
cycKc rings in which two or more carbons are common to two adjoining rings (the rings are 
"fused rings") wherein at least one of the rings is aromatic, e.g., the other cyclic rings can be 
10 cycloaDqrls, cycloaDcenyls. cycloalkynyls, aryls. and/or heterocyclyls. 

Hie terms ortho, meta and para apply to U-, and 1,4-disubstituted benzenes, 
respectively. For example, the names 1.2-dimethyIbenzene andortAo-dimethylbenzene are 
anonymous. 

The terms "heteiocyclyl" or "heterocyclic group" refer to 3- to 10-membered ring 
15 structures, more preferably 3- to 7-membered rings, whose ring structures include one to four 
heteroatoms. Heterocycles can also be polycycles. Hetero^rclyl groups include, for example. 
Ihiophene, thianthrene, furan, pyran. isobenzofuran, chromene, xanthene, phenoxathiin, 
pyrrole, imidazole, pyrazole. isothiazole, isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, 
indolizine. isoindole, indole, indazole, purine, quinolizine, isoquinoline. quinoline. phthalazinei 
20 naphthyridine, quinoxaline, quinazoline, cinnoline, pteridine, carbazole, caiboline, 

phenanthridtne, acridine, pyrimidine. phenanfliroline. phenazine. phenarsazme, phenothiazine. 
fuiazan, phenoxazine, pynolidine, oxolane, thiolane, oxazole, piperidme, piperazine, 
morpholine. lactones, lactams such as azeridinones andpyrroUdinones, sultams, sultones, and 
the like. The heterocyclic ring can be substituted at one or more positions with substituents as 
25 described above, such as, for example, halogen, alkyl, aralkyl, alkenyl, alkynyl. cycloalkyl, 
hydroxyl. amino, nitro, sulfhydryl. imino, amido, phosphonate, phosphinate, carbonyl, 
carboxyl, sflyl, ether, alkyWrio, sulfonyl. ketone, aldehyde, ester, a heterocyclyl, an aromatic or 
heteroaromatic moiety, -C3F3, -CN, or flie like. 

The term "carbocyde", as used herein, refers to an aromatic or non-aiomatic ring in 
30 which each atom offering is carbon. 

Heterocycles and carbocycles include fased bicyclic and bridged bicyclic ring 

structures. 
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As used herein, the teim "nitro" means -NO2; the tem "halogpn" designates -F, -CI, - 
Br or -r, the term "sulfhydryl" means -SH; the teim "hydroxyr means -OH; and the tenn 
"sulfonyl" means -SO2-. 

The tenns "amine** and "amino" are art-iecognized and refer to both unsubstituted and 
5 substituted amines, e.g., a moiety that can be represented by the g^eral fonnula: 

wherein R9, Rio and R'lo each independently represent a hydrogen, an aXkyl, an 
alkenyl, -(CH2)m-R8> ^9 ^10 ^^ken together wifli the N atom to which they are 
attached complete a heterocycle having from 4 to 8 atoms in the ring stracture; Rg represents 
10 an aiyl, a cycloalkyl, a cycloalkenyl, a heterocycle or a polycycle; and m is zero or an integer 
in the range of 1 to 8. 

The teim "all^lamme" as used herein means an amine group, as defined above, having 
a substituted or unsubstituted alkyl attached thereto, ia, at least one of R9 and Riq is an alkyl 

group. 

15 The term "acylamino" is art-recognized and refers to a moiety that can be represented 

by the general formula: 
O 

R, ■ 

wherein R9 is as defined above, and R'n represents a hydrogen, an allqrl, an alkenyl or 
-(CH2)in-R8> where m and Rg are as defined above. 
20 The term "amido" is art-recognized as an amino-substituted carbonyl and mcludes a 

moiety that can be represented by the general formula: 
P 



10 



wherein R9, Rio are as defined above. Preferred embodiments of the amide will not 

include imides which may be unstable. 
25 The term "amidme** is art-recognized as a group that can be represented by the.general 

formula: 
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wherein Rp, Rio are as defined above. 

The term "guanidine" is art-recognized as a group that can be represented by the 
general formula: 




I 



wherein R9, Rio defined above. 

The tenn "alkylthio" refers to an aDqrl group, as defined above, having a sulfur radical 
attached thereto. In preferred embodinicnts, fte "alkylthio" moiety is represented by one of -S- 
alkyl, -S-alkenyl, -S-alkynyl, and -S-(CH2)m-R8. wherein m and Rg are defined above. 
10 Representative aDqrlfliio groups include methylthio, ethylthio, and the like. 

The term "caibonyl" is art-recognized and includes moieties that can be represented by 
the general formula: 

o o 

wherein X is a bond or represents an oxygen or a sulfur, and Ri 1 represents a 
15 Iqrdrogen, an alkyl, an atkeayi, -(CH2)ni-R8 or » pharmaceutically-acceptable salt, R'l 1 
represents a hydrogen, an alkyl, an alkenyl or -<CH2)ni-R8. where m and Rg are as defined 
above. Where X is an oxygen and Ri 1 or R'l 1 is not hydrogen, the firanula represents an 
"ester". Where X is an oxygen, and Rn is as defined above, flie moiety is referred to herein as 
a caiboxyl group, and particularly when Ri 1 is a hydrogen, the fijrmula represents a 
20 "carboxylic acid". Where X is an oxygen, and R'l 1 is hydrogen, the fomrala represents a 
"formate". In general, where the oxygen atom of the above formula is replaced by sulfur, the 
formula represents a "thiolcarbonyl" group. Where X is a sulfur and Ri 1 or R'l 1 is not 
hydrogen, the formula represents a "fliioester." Where X is a sulfur and Ri 1 is hydrogen, the 
formula represaits a "thiocarbo^^lic acid." Where X is a sulfur and R' 1 1 is hydrogen, the 
25 formula represents a "fliiofbrmate." On flie other hand, where X is a bond, and Ri 1 is not 
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faydiogen, the above fonnula represents a "ketone" group. Where X is a bond, and i is 
hydrogen, the above formula represents an "aldehyde" group. 

The terms "alkoxyl" or "alkoxy** as used herein refers to an alkyl group, as defined 
above, having an oxygen radical attached thereto. Representative alkoxyl groups include 
5 methoxy, ethoxy, propyloxy, tert-butoxy, and the like. An "eflier" is two hydrocarbons 

covalently linked by an oxygen. Accordingly, the substituent of an alkyl fliat renders that alkyl 
an ether is or resembles an alkoxyl, such as can be represented by one of -0-alkyl, -0-alkenyl, 
-O-aDcynyl, -0-(CH2)m"^8» where m and Rg are described above. 

The term "sulfonate" is art-recognized and includes a moiety that can be represented by 
10 the general formula: 
O 

-|-o«„ 

O 

in which R41 is an electron pair, hydrogen, alkyl, cycloalkyl, or aryl. 
The term "sulfate" is art recognized and mcludes a moiety that can be represented by 
the general fonnula: 
O 



15 



— O-^-OR^i 
0 

in which R41 is as defined above. 

The term "sulfonamido" is art recognized and includes a moiety fiiat can be represented 
by the general formula: 

O 
II 

20 in which R9 and R*i j are as defined above. 

The term "sulfamoyl" is art-recognized and includes a moiety that can be represented 
by the general formula: 

S-N 

II \« 
0 ^9 

in which R9 and Rjq are as defined above. 
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The term "sulfonyr, as used herein, lefeis to a moiety that can be represented by the 
general fonnula: 

O 
11 

o 

in which R44 « selected from the groiq> consisting of hydrogen, allqrl, alkenyl, allQfnyl, 
5 cycloaIkyl,heterocyclyl,aiyl,orheteroaiyl. 

The term "sulfoxido" as used herran, refers to a moiety that can be represented by the 
general formula: 

O 
II 

— S-R„ 

in which R44 is selected from the group consisting of hydrogen, alkyl, alkeriyl, aDcynyU 

10 cycloalkyl, hetraocyclyl, arallgrl, or aiyL 

It will be understood that "subslitHtion" or "substituted wife" includes the implicit 
laoviso diat such substitution is in accorfance wifli permitted valence of the substituted atom 
and the substituent, and that the substitution results in a stable compound, e.g., which does not 
spontaneously undergo transformation such as by rearrangement, cyclization, elimination, etc. 

1 5 As used herein, the term "substituted" is contemplated to mclude all permissible 

substituents of organic compounds. In a broad aspect, fee permissible substituents include 
acyclic and cyclic, branched and unbranched, cafbocyclic and heterocycHc, aromatic and 
nonaromatic substituents of organic compounds. lUustrative substituents include, fiw example, 
feose described herein above. The permissible substituents can be one or more and Use same or 

20 different for appropriate organic compounds. For purposes of this invention, flieheteroatoms 
such as nitrogen may have hydrogen substituents and/or any permissible substituents of 
organic compounds described herein which satisfy fee valences of fee hetraoatoms. This 
invention is not intended to be limited in any manner by fee permissible substituents of organic 
compounds. 

25 A comprehensive list of fee abbreviations utilized by organic chemists of ordinary skin 

m fee art appears in fee first issue of each volume of fee Journal of Organic Chemistry, feis list 
i- typi>oiiy j^^i^ ;« a i«MA «ihtlB<t Standard List of Ab breviations. The abbreviatiras 
contained in said list, and all abbreviations utilized by organic chemists of ordinary skiU in the 
art are hereby incorporated by reference. 

30 In some embodiments, fee compounds of fee invention have fee stracture according to 

Formula V: 
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Fonnula V 




•T2 (Y)S (CH2).— CH R 

Z 



X, Y, m, n, Z, and R' are as defined above, and R is an activating moiety as defined 
above, suitable for forming a bond between the compound of Formula V and a biolog^cally- 
5 active compound or precursor. In particular embodiments, R is an aldehyde Iqrdiate. 
P is as defined above, and can be rqnesmted by Formula II 

Formula n*. 
EKO-CHjCHzX.-^ 

where E is as described above, and in some embodiments, can be represented by 

10 Formula m or IV. 

Ti and T2 are, independently, absent, or a straigjit- or branched-chain, saturated or 
unsaturated C, to C20 alkyl or heteroalkyl group, a C3 to Q saturated or unsaturated cycUc alkyl 
or cycUc heteroallqrl, a substituted or unsubstituted aiyl or heteroaryl group, or a substituted or 
unsubstituted alkaryl vtrherein the alkyl is a Ci to C20 satonated or unsaturated alkyl or 
15 heteroaBcaryl groiq). The substituents can be hatogen, Mroxyl, carbonyl, caiboxylate, ester, 
fornqrl, acyl, flriocarbonyl, tiiioester, thioacetate, fliioformate, alkoxyl, phosphoiyl, 
I)hosphonate,phoq>hinate, amino, amido, amidine, imine, cyano, nitro, azido,sulfhydTyl, 
sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyctyl, aralkyl, aromatic moiety, 
heteroaromatic moiety, imino, silyl, ether, or alkylthio. 
20 When d is zero, there are no additional substituents (L) on tiie aromatic ring. When d is 

I an integer from 1 to 4, tiie substituents (L) can be a straight- or branched-chain, saturated or 
unsaturated C, to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substitaited or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
25 heteroalkaryl group. The substituents can be halogen, hydroxyl, carbonyl, carboxylate, ester, 
formyl, acyl, thiocarbonyl, thioester, ftioacetate, thiofonnate, alkoxyl, phosphoiyl, 
phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, 
sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, 
hetraoaromatic moiety, imino, alyl, ether, or alkyltiiio. 
30 When R is an aldehyde, the compounds fell within those represented by FonnulS VI: 
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(L)d 





FonnnlaVI 



■{ T2 (Y)— (CH2)/ 

P X — Tj 

where all oQier variables are as defined above. 

For example, when X and Y are oxygen and R is an aldehyde, the confounds of the 
5 mvention are represented by con^und J. 

Compound J 

(L)d 

i^K 



-T2 O (CH2); 




where the Ti and Tz substituents can be in die orflm, meta, or para anangemenL 

Where flieTi and T2 sutetituents are straight-chain aHqrl groups, and d is zero, flie 
10 compounds are represented by Formula JK: 

Formula K: 

.0 



O— (CH2)u 
/ 




(CHj)^ 



)u O (CHj)n — CH ^ 



i \ 



15 



where each u is independently zero or an mteger fiom one to five and all other variables 
are as defined above. In particular embodiments, Z is hydrogen or methyl. 

Particular classes of compounds fallmg within Formula DC can be represented by 
Formulae VII and VIII: 

Formula VII: 





H 
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FonnulaVni: 




Some representative activated polyalkylene glycol compounds include the following, 
where the polyalkylene glycol polymer is PEG or mPEG: 

CH3 CH3 



16 

peg' 



" o 



18 



In some embodiments, the compounds of the mvention are represented by Formula X: 



Formula X: 
-(Ca^n CH — R 



1 



where, as above, n is zero or an integer firom one to five, and X is 0, S, CO, CO2, COS, SO, 

SO2, CONR', SO2NR', or NR'. 

When X is NR', R' can be hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to d saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted orunsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the aUcyl is a C, to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, cafbonyl, caiboxylate, ester, formyl, acyl, Ihiocaibonyl, thioester, 
thioacetate, thiofoimate, alkoxyl. phosphoryl, phosphonate, phosphinate, amino, amidb," 
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amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaiomatic moiety, imino, silyl, eflier, or 
alkylthio. Z can be a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or 
heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a 

5 substituted or unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaiyl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroaD^ When 
present, fte substituents can be halogen, hydroxyl, caibonyl, caiboxylate, ester, foimyl, acyl, 
thiocaibonyl, thioest^, thioaceiate, thioformate, alkoxyl, phosphoryl, phosphonate, 
phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, 

10 sulfemoyi, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, ether, or alkylthio. 

As defined above, R is an activating moiety suitable for forming a bond between the 
compound of Formula X and a biologically-active compound or precursor thereof In some 
embodiments, R is an aldehyde hydrate. 

15 P is a polyalkylene glycol polymer as defined above, and can be represented by 

Formula IE: 

Formula II: 
E-(0-CH2CH2)a-^ 

where E and a are as described above, and in some embodiments, can be represented 
20 by Fonnula IE or IV. In some embodiments, E is methyl, and, ttierefore, P is mPEG. 

When R is an aldehyde and X is o^gen, the compounds fall within the stracture 
according to Formula XI: 

Formula XL 



p — o (P^2>n 




z 



where P, Z and n are as defined for Formula X. 
25 When P is mPEG, the compounds are described by Fonnula XII: 

Formula Xn: 



CH3 (CX:H2CH2)aO 
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and when n is one and Z is mefliyl, the compound is represented by Formula Xni: 

Formula Xm: 




wherein a is an integer ftom 4 to 10,000. 
5 Examples of synthetic pathways for making compounds according to the invention are 

set forth in Ifae Examples below. 

The invention also includes compositions of die activated polyalkylene glycol 
compounds ^GCs) of the invention and one or more biologically-active compounds. As 
described above, biologically-active compounds are those compounds that exhibit a biological 
10 response or action when administered to a subject Unconjugated biologically-active 

compounds may be administered to a subject in addition to the conqx>unds of flie invention. 
Additionally, biologicalfy-active compounds may contain reactive groups Oiat are capable of 
reacting with and conjugating to at least one activated PGC of the invention. 

Hie invention also includes conjugates of the novel PGCs with biologically-active 
1 S compounds. In one embodunent; the conjugates are formed from a conq)ound of Formula I 
and a biologically-active compound (B) and are described accordmg to Formula XIV: 

Formula XIV: 



P X Q (Y)s-(CH2)— CH— R*— B 

z 

As above, m is zero or one so that Y is present or absent, n is zero or an integer from one to 
20 five, and X and Y are independently 0, S, CO, CO2, COS, SO, SO2, CONR', SO2NR*, or NR'. 
Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl (including 
fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aiyl or 
heteroaryl group, or a substituted or unsubstituted alkaryl wherein the alkyl is a Ci to C20 
saturated or unsaturated alkyl or heteroalkaryl group. When present, the substituents can be 
25 halogen, hydroxyl, carbonyl, carboxylate, ester, foimyl, acyl, thiocarbonyl, thioester, 
thioacetate, thiofoimate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulffaydryl, sulfate, sulfonate, sulfamoyl, sulfonamido. 
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sulfonyl, heterocyclyl, araDcyl, aromatic moiety, heteioaromatic moiety, imino, silyl, ether, or 
all^lthio. 

Each R' and Z is independently hydrogen, a straight- or branched-chain, saturated or 
misaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cs saturated or unsaturated cyclic alkyl 

5 or cyclic heteroalkyl, a substituted or unsubstituted aiyl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsataiated alkyl or 
heteroalkaryl group, wheiem the substituents are selected fixrai the group consisting of 
halogen, hydroxyl, caibonyl, caiboxylate, ester, formyl, acyl, (hiocaibonyi, thioester, 
thioacetate, fliiofonnate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 

10 amidine, imme, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 

sulfonyl, heterocyclyl, arall^rl, aromatic moie^, heteroaromatic moiety, imino, silyl, ether, and 
alkyldiio; 

R* is a linking moiety formed from the reaction of R with a corresponding functional 
group on the biolo^cally-active compound, B, as described above. For example, R* is formed 

1 5 from the reaction of a moiety such as a carboxylic acid, ester, aldehyde, aldehyde hydrate, 
acetal, hydroxy, protected hydroxy, caibonate, alkenyl, acrylate, methacrylate, actylamide, 
substituted or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, 
hydrazide, protected hydrazide, succinimidyl, isocyanate, isofliiocyanate, dittiopyridme, 
vinylpyridine, iodoacetamide, epoxide, l^droxysuccinimidyl, azole, maleimide, sulfone, allyl, 

20 vinylsulfone, tresyl, sulfo-N-succmimidyl, dione, mesyl, tosyl, or gjyoxal functionality with a 
biologically-active conqpound or precursor &ereof . 

P is a polyallqrlene glycol polymer as defined above, and can be represented by 

Formula n: 

Formula 11: 

25 EKCKHzCHj).-^ 

where E is hydrogen, a straight- or branched-chain Ci to C20 allgrl group (e.g., methyl), 
a detectable label, or a moiety suitable for fiwming a bond between flie compound of Formula 
XIV and a biologically-active compound or precursor ftereof. As above, a is an integer ftom 4 
to 10,000. 

30 Where E is a detectable label, fte label can be, for example, a radioactive isotope, a 

fluorescent moiety, a phosphorescent moiety, a chemiluminescent moiety, or a quantum dot 

When E is a moiety suitable for forming a bond between die compound of Formula 
XIV and a biologically-active compound or precursor thereof, E can form a bond to another 
molecule of the biologically-active compound (B) so that the activated polyalkylene glycol 
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compound is bound at either tenninus to a molecule of the same type of biologically-active 
compound, to produce a dimer of the molecule. 

In some embodiments, E fonns a bond to a biologicaHy-^clive compound other than B, 
creating a heterodimer of Hologically-active conqwunds or precursors ftereof. 
5 In oflier embodiments, E forms an additional bond to the Wologically-active compound, 

B, such that both E and R are bound through different functional groups of flie same molecule 
of the biologically-active compound or precursor fliereof. 

When E is capable of forming a bond to a biologically-active molecule or precursor 
thereot E can be flie same as or different from R and is chosen from carboxylic acid, ester, 
10 aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, 
methacrylate, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, aUyl, vinylsulfone, tresyl, sulfo-N- 
15 succinimidyl, dione, mesyl, tosyl, and glyoxal moieties. 

When E is capable of forming a bond to abiologicaUy-active molecule wprecursor 
hereof, E can have the stracture according to Formula ra or Formula IV: 

Formula m 

R« ^HC— (CH2)5 (Y)„ Q— X— CW2CW2 

Z 

20 Formula IV 

R" UC—{CH^ CW2CW2 

Z 

where each Q, X, Y, Z, m, and n are, independently, as defined above, each W is, 
independently, hydrogen or a Ci to C7 alkyl, R" is a moiety suitable for foiming a bond 
between flie compound of Formula ffl and a biologically-active compound or precursor 

25 thereof, and R'" is a moiety suitable for forming a bond between the compound of Formula IV 
and a biologically-active compound or precursor fliereof 

■ R" and R"' are, independently chosen from carboxylic acid, ester, aldehyde, aldelqrde 
liydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, 
acrylamide, substituted or unsubstituted thiol, halogen, substituted or unsubstituted ainine, 

30 protected amine, hydrazide, protected hydrazide, sucdnimidyl, isocyanate, isothiocyanate. 
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dthiopyridine, vinylpyridine, iodoacetanride, epoxide, hydroxysuccinimidyl, azote, maleimide, 
sulfone, allyl, vinylsulfone, tresyl, sulfo-N-succininiidyl. dione, mesyl, tosyl, and gjyoxal 
moieties. 

When Q in Fonnula XIV is a substituted or unsubstituted alkaiyl, the conjugate is 
formed from an activated polyalkykne glycol of Fonnula V and a biologicaDy-active molecute 
(BX and is descnbed accoiding to Formula XV: 

Formula XV 



(CH2)5— CH ^R* 

Z 




(L)d 

where Ti and T2 are, independently, absent, or a straight- or branched-chain, saturated or 
10 unsaturated d to C20 alkyl or heteroalkyl group, a C3 to Cs saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group, or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaiyl group. When present, the substituents can be halogen, hydroxyl, carbonyl, 
caiboxylate, ester, formyl, acyl, thiocarbonyl, fhioester, Oioacetate, thioformate, alkoxyl, 
1 5 phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nilio, azido, 
sulflqrdryl, sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl. aromatic 
moiefy, heteroaromatic moiety, imino, sifyl, ether, or alkylfliio. In some embodiments, Ti and 
T2, if present, are straight- or branchedH5hairi saturated or unsaturated or CI to C20 alkyl or 
beteroaO^I groq>. 

20 d is zero (e.g., there are no L substituents on the aromatic ring) or an integer from 1 to 

4. Each L is, when present, a straight- or branched-chain, saturated or unsaturated Ci to C20 
alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, 
a substituted or unsubstituted aijd or heteroaiyl group or a substituted or unsubstituted alkaryl 
wherein flie alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group. The 

25 substituents can be halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, thiocarbonyl, 
flrioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, 
amido, amidine, imine, cyano, nitro, azido, sulfliydryl, sulfate, sulfonate, sulfamoyl, 
sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, 
silyl, ether, or alkylthio. 
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All Other variables aie as described above, including P, which is a polyaHqrlene glycol 
polymer, and can be represented by Formula U: 

Formula 11: 
E-(0-CH2CH2)a-, 

5 where E is hydrogen, a straight- or branched-chain Ci to C20 alkyl group (e.g., mefliyl), a 
detectable label,* or a moiety suitable for forming a bond between the compound of Formula 
XV and a biologically-active compound or precursor thereof. As above, a is an integer from 4 
to 10,000. 

Where E is a detectable label, the label can be, for example, a radioactive isotope, a 
10 fluorescent moiety, a phosphorescent moiety, a chemiluminescent moiety, or a quantum dot 
When E is a moiety suitable for forming a bond between the compound of Formula 
XV, and a biologically-active compound, B, E can form a bond to another molecule of the 
biologically-active compound (B) so that the activated polyalkylene glycol compound is bound 
at either tenninus to a molecule of the same type of biologically-active compound, to produce a 
15 dimer of the molecule. 

In some embodiments, E forms a bond to a biologically-active compound other than B, 
creating a heterodimer of biologically-active compounds or precursors thereof. 

In other embodiments, E forms an additional bond to flie biologically-active compound, 
B, such fliat both E and R are bound flirough diflferent functional groups of the same molecule 
20 of the biologically-active compound or precursor fliereof. 

When E is capable of fomaing a bond to a biologically-active molecule or precursor 
thereof, E can be the same as or different fiom R and is chosen from carboxjdic acid, ester, 
aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, 
metfaaciylate, aciylamide, substituted or unsubstituted fliiol, halogen, substituted or 
25 unsubstituted amine, protected amine, hydrazide, protected hydraride, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal moieties. 

When E can form a bond with a biologically-active compound or precursor thereof, in 
30 some embodiments, E can be Formula m or Foimula IV: 

Formula m 

HC— (CH2);; 00— Q — ^X— CW2CW2 — 

z 
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Foimula IV 
-HC— (CH2)5 CW2CW2 



Z 

where each Q. X, Y, Z, m, and n ate, independently, as defined above, each W is, 
independenliy. hydrogen or a C, to C7 alkyl. R" is a moiety suitable for forming a bond 
between the compound of Formula HI and a biologically-active compound or precursor 
thereof and R'" is a moiety suitable for forming a bond between the compound of Formula IV 
and a biologically-active compound or precursor fliereof. 

R" and R'" are, independently chosen from carboxylic acid, ester, aldehyde, aldehyde 
hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, actylate, methacrylate, 
acrylamide, substituted or uiisubstituted thiol, halogen, substituted or unsubstituted amine, 
protected amine, hydrazide, protected hydrazide, succinimidyl, isocyanate, isofliiocyanate, 
dithiopyridine, vinylpyridine, iodoacetamide, epoxide, hydroxysuccinimi^^^ 
snlfone, allyl, vinylsulfone, tresyl, suMb-N-succimmidyl, dione, mesyl, tosyl, and ^oxal 
moieties. 

When bound at both ends to a biologically-active canpound or precursor tiiereof, tiiese 
bifimctional molecules can be represented according to Formula XX or Formula XXI: 



Formula XX: 



B-R^Cj^(ai2)k-(Y)m-Q-X-«W2CW:(0-CH2CH2),— X— 1 1 

z 

Formula XXI: 




ir-jT2-(Y)sr(CH2).^ 

B'— R=-CJi-(CH2),— X-CWiCWj-CQ-CHjCHi),— X-T, 

Z ' 
where each X and Y, T, and T2, R' and Z, L, Q, m, n, a, and n are as described above, 
and each W is. independently, hydrogen or a C, to C7 alkyl. R* and R** are. independently, 
linking moieties formed from the reaction of R and R" with a biologically-active compound or 



80 



wo 03/061577 



PCTAJS03/01559 



precuisor thereof and B. and B' are each a biologically-active compound, or piecuisor &ereof, 
after amjugation with R and R", respective^. 

In some embodiments, B and B' are the same type of biologically-artive compound. In 
odier embodiments, B and B' are different biologically-active compounds. In still other 
embodiments, B and B* are the same biologically active molecule. In additional embodiments, 
R* and K** are the same. In other embodiments, R* and R** are different For example, in 
some embodiments, E can form a bond to another molecule of the biologically-active 
compound (B = B*) so that the activated PGC is bound at either terminus to a molecule of the 
same typs of biologically-active conqmund, to produce a dimer of the molecule. In some 
embodiments, E forms a bond to a biologically-active compound other than B (B is not B'), 
creating a heterodimer of biolog?cally-active compounds or precursors ftereof In other 
embodiments, E forms an additional bond to the biologically-active compound, B, such that 
both E (through R" or R'") and R are bound through different fimctional groups of the same 
molecule of die biologically-active compound or precursor tiiereof. 

In some embodiments, R* or R** is methylene group and B or B' is a biologically- 
active molecule containing an amino group, where the mefliylene group forms a bond with the 
amino group on B. For example, the anrine can be the amino terminus of a peptide, an amine 
of an amino acid side cham of a peptide, or an amine of a glycosylation substituent of a 
glycosylated peptide. In some embodimerits, the peptide is an mteiferon, suchasinterferon- 
beta, e.g., interferon-beta-la. In some embodiments, this type of bond is formed by a reductive 
alkylation reaction. 

Where flieTi and T2 substituents of Formula XV are straight-chain allqrl groups, X and 
Y are oxygen, and d is zero, flie conjugates are represented by Formula XIX: 

Formula XDC: 



(CH2)u O (CH:)n— CH — ^R^ 

Z B 




where each u is mdependenfly zero or an integer ftom one to five and all oflier variables 
are as defined above. Jn particular embodiments, Z is hydros or mefliyl. 
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Particular classes of compounds falling within Formula XV can be lepresented by 
Fonnulae XVH and XVIII formed fiom the reaction of Fonnulae VH and Vm, respectively, 
with a biologically-active compound, or precursor thereof: 



Formula XVn: 

Z 



5 




where n is zero or an integer from one to five, P is a polyalkylene glycol polymer, as described 
10 above, Z is hydrogen, a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or 
heteioalkyl group, R* is a linking moiety as described above, B is a biologically-active 
molecule. These compounds can be bifimctional or monofunctional, depending on the identity 
of E, as described above. 

In some embodiments, R* is a methylene group and B is a biologically-active molecule 
1 5 containing an amino group, where the methylene group forms a bond with flie amino group on 
B. For example, the amine scan be the amino temunus of a peptide, an amine of an amino acid 
side chain of a peptide, or an amine of a glycosylation substituent of a glycosylated peptide. In 
some embodiments, the peptide is an interferon, such as interferon-beta, e.g., interferon-beta- 
la. In some embodiments, this type of bond is formed by a reductive allQ^lation reaction. 

20 The conjugates of the invention can also be formed fit>m reaction of compounds 

according to Formula X with a biologically-active compound or precursor fliereof, to form 
conjugates according to Formula XXQ: 

Formula XXU: 
P (CHzXi CH— R* B 
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where B is a biologically-active molecule, as described above and n is zero or an integer fiom 
one to five. 

X is O. S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or NR', when X is NR% R' is 
hydrogen, a straight- orbranched-chain, saturated or unsaturated C| to Caalkyl orheteroalkyl 

5 group, C3 to Cs saturated or unsaturated cyclic alkyl or cycUc heteroallqrl, a substituted or 
unsubstituted aiyl or heteroaiyl group or a substituted or unsubstituted aDcaryl wherem the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group. If present, the 
substituents can be halogen, hydroxyl, carbonyl, carboxylate. ester, formyl, acyl, thiocaibonyl, 
thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, 

10 amido, amidine. imine, cyano, nitio, azido, sulfhydiyl, sulfate, sulfonate, sulfemoyl, 

sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, 

silyl, ether, or alkylthio. 

Z is a straight- or branched-chain, saturated or unsaturated Ci to Cjo allQrl or heteroalkyl 
group, C3 to Cg saturated or unsaturated cycUc allgrl or cycUc heteroalkyl, a substituted or 

1 5 unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaiyl wherein the 
alkylisaC, to C20 saturated or unsaturated alkyl or heteroalkaiyl group. TTie substituents can 
be halogen, hydroxyl, caibonyl, carboxylate, ester, formyl, acyl. thiocaibonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sdfhydiyl, sulfate, sulfonate, sulfianoyl, sulfonamido, 

20 sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, eflier, or 
aDQrltiuo. 

R* is a Unking moiety foraied fiom the reaction of R with a corresponding functional 
group on the biologically-active compound, B, as described above. For example, R* is formed 
fiom ibs reaction of a moiety such as a carboxylic acid, ester, aldehyde, aldehyde hydrate, 

25 acetal, hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, 
substituted or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, 
hydrazide, protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, 
vinylpyridine, iodoacetamide, epoxide, hydroxysuccinimidyl, azole. maleimide, sulfone, allyl, 
vinylsulfone, tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, or glyoxal fimctionality with a 

30 biologically-active compound or precursor thereof. 

In some embodiments, Z is methyl and n is one. 

P is a polyaUgrlene glycol polymer as defined above, and can be represented by 
Formula D: 

Formula II: 
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E-CO-CHaCHA-, 

where E is hydrogen, a straight- or branched-chain Ci to C20 alkyl group (e.g., methyl)* 
a detectable label, or a moiety suitable for fonning a bond between the compound of Fonnula 
XXn and a biologically-active compound or precursor fliereof . As above, a is an integer from 
5 4 to 10,000. 

Where E is a detectable label, the label can be, for example, a radioactive isotope, a 
fluorescent moiety, a phosphorescent moiety, a chemiluminescent moiety, or a quantum dot 
When E is capable of forming a bond to a biologically-active molecule or precursor 
diereof, a biftmctional molecule results. E can foim a bond to another molecule of the 
10 biologically-active compound (B) so that the activated polyalkylene glycol compound is bound 
at eiflier temiinus to a molecule of the same type of biolopcally-active compound, to produce a 
dimer of the molecule. 

In some embodiments, E forms a bond to a biologically-active compound other than B, 
creating a heterodimer of biologically-active compounds or precursors thereof. 
1 5 In other embodiments, E forms an additional bond to the biologically-active compound, 

B, such that bofli E and R are bound through different functional groups of flie same molecule 
of the biologically-active compound or precursor thereof. 

When E is capable of forming a bond to a biologically-active molecule or precursor 
thereof, E can be the same as or dififeient from R and is chosen from carboxylic acid, ester, 
20 aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroj^r, carbonate, alkenyl, acrylate, 
methacrylate, acrylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amme, hydrazide, protected hydrazide, sucdmmidyl, 
isocyanate, isotWocyanate, difliiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vin^sulfone, tiesyl, sulfo-N- 
25 succinimidyl, dione, mesyl, tosyl, and glyoxal moieties. 

In some embodiments, E can have the structure according to Formula III or Formula 

IV: 

Formula ni 

R" HC— (CH2)5 00— Q ^X— CW2CW2 

Z 
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Fomula IV 

R"' — nc—icn^ — — CW2CW2 — 
z 

where each Q, X, Y, Z, m, and n are, independently, as defined above, each W is, 

independently, hydrogen or a Ci to C7 alkyl, R" is a moiety suitable for forming a bond 
5 between the compound of Formula III and a biologically-active compound or precursor 

thereof, and R'" is a moiety suitable for forming a bond between the compound of Formula IV 

and a biologically-active compound or precursor thereof. 

R" and R"' are, independently chosen from carboxylic acid, ester, aldehyde, aldehyde 

hydrate, acetal, hydroxy, protected hydroxy, caibonate, alkenyl, aciylate, mefliaciylate, 
1 0 acrylamide, substituted or unsubstituted thiol, halogen, substituted or unsubstituted amine, 

protected amine, hydiazide, protected hydrazide, succinimidyl, isocyanate, isothio<^ranate, 

dithiopyridine, vinylpyridine, iodoaoetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, 

sulfone, allyl, vinylsulfone, tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal 

moieties, and can be the same or different from R. 
15 When bound at both ends to a biologically-active compound orprecuisor thereof, these 

bifunctional molecules can be represented according to Foimula XXIV or Fonnula XXV: 

Formula XXIV: 



20 



Z 

A'' 



i 



Formula XXV: 



I 

-R^CH— (CH2)r-X— CW2CW2 (0-CH2CH2)a— X (CHa)^ 

Z 



where each X and Y is independently O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or 
NR', and each R* and Z is, independently, hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group. 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl (including 
25 fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aryl or 
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heteroaiyl group, or a substituted or unsubstitutBd alkaiyl wberan flie alkyl is a Ci to C20 
saturated or unsaturated all^l or heteroaDcaryl group. If present, Ibe substituents can be 
halogen, hydroxy!, caibonyl, caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 
tfaioacetate, thiofoimate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
5 amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heterdaromatic moiety, imino, silyl, ether, or 
alkyltbio. 

Each W is, independently, hydrogen or a Ci to C? alkyl, m is zero or one, a is an integer 
ftom 4 to 10,000, and each n is independently 0 or an integer from 1 to 5. 
10 R* and R** are independently linking moieties as described above, B and arc 

independently biologically-active molecules and can be the same or difiFeient 

E (through R'* or R'") can form a bond to another molecule of the biologically-active 
compound (B) so that &e activated polyallg^lene glycol compound is bound at either terminus 
to a molecule of the same type of biologically-active compound, to produce a dimer of die 
15 molecule. 

In some embodunents, E (through R" or R'") forms a bond to a biologically-active 
compound oibst than B, creating a heterodlmer of biologically-active compounds or precursors 
thereof. 

In other embodiments, E (through R" or R'") forms an additional bond to the 
20 biologically-active compound, B, such fliat bofli E and R are bound through different 
functional groups of the same molecule of the biologically-active compound or precursor 
ftereof. 

R" and R'" can be the same as or different fcotn R, and are chosen from carboxylic 
acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, carbonate, alkenyl, 

25 acrylate, methacrylate, aciylamide, substituted or unsubstituted thiol, halogen, substituted or 
unsubstituted amine, protected amine, hydrazide, protected hydrazide, succinimidyl, 
isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, 
hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tcesyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal moieties. 

30 In some embodiments, R* or R** is a methylene group and B or B' is a biologically- 

active molecule containing an amino group, where the methylene group forms a bond with the 
amino group on B. For example, the amine can be the amino terminus of a peptide, an amine 
of an amino acid side chain of a peptide, or an amine of a glycosylation substituent of a 
glycosylated peptide, in some embodiments, the peptide is an interferon, such as interferon- 
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beta, e.g., interferon-bcta-la- In some embodiments, this type of bond is fonned by a reductive 
alkylation reaction. 

The conjugates of the invention can be prepared by coupling a biologically-active 
compound to a polyalkylene glycol compound as described in flie Examples. In some 
5 onbodiments, the coupling is achieved via a reductive alkylation reaction. 

Biologcally-active compounds of interest include any substance intended for diagnosis, 
cure mitigation, treatment, or prevention of disease in humans or other animals, or to otherwise 
enhance physical or mental well-being of humans or animals. Examples of biologically-active 
molecules include, but are not limited to, peptides, peptide analogs, proteins, enzymes, small 
10 molecules, dyes, lipids, nucleosides, oligonucleotides, analogs of oligonucleotides, sugars, 

oligosaccharides, cells, viruses, liposomes, microparticles, surfaces and micelles. This class of 
compounds also include precursors of these types of molecules. Classes of biologically-active 
agents that are suitable for use with the invention include, but are not limited to, cytokines, 
chemokines, lymphokines, soluble receptors, antibodies, antibiotics, fungicides, anti-viral 
1 5 agents, anti-inflammatory agents, anti-tumor agents, cardiovascular agents, anti-anxiety agents, 
hormones, growth factors, steroidal agents, and the like. 

The biologically-active compound can be a peptide, such as an interferon, including 
interferon-beta (e.g., int^eron-beta*la) or interferon-alpha! 

Because the polymeric modification wifli a PGC of &e invention reduces antigenic 
20 responses, a foreign peptide need not be completely autologous in order to be used as a 

therapeutic. For example, a peptide, such as interferon, used to prepare polymer conjugates 
may be prepared ftom a mammalian extract, such as human, ruminant, or bovine mterferon, or 
can be synthetically or recombinantly produced. 

For example, in one aspect, the invention is directed to compounds and methods for 
25 treatiiig conditions that are susceptible of treatment with interferon alpha or beta. 

Administration of a polyalkylene glycol conjugated interferon beta (hereinafter "PGC 
IFN-beta", "PGC IFN-p", e.g., PEG IFN-beta", "PEG IFN-P" "PEGylated IFN-beta", or 
*TEGylated IFN-P") provides improved therapeutic benefits, while substantially reducing or 
eliminating entirely the undesirable side effects normally associated with conventionally 
30 practiced interferon alpha or beta treatment regimes. 

The PGC IFN-beta can be prepared by attaching a polyalkylene polymer to the terminal 
ammo group of the IFN beta molecule. A single activated polyalkylene glycol molecule can be 
conjugated to the N-terminus of IFN beta via a reductive alkylation reaction. 
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The PGC IFN-beta conjugate can be fonnulated, for example, as a liquid or a 
lyophilized powder for injection. The objective of conjugation of IFN beta with a PGC is to 
nnprove the delivery of the protein by significantly prolonging its plasma half-life, and thereby 
provide protracted activity of IFN beta. 
5 The term "interferon" or "IFN" as used herein means flie family of highly homologous 

species-specific proteins that inhibit viral replication and cellular proliferation and modulate 
immune response. Human interferons are grouped into two classes; Type 1, including a- and 
p-mterferon, and Type H, which is represented by y-interferon only. Recombinant forms of 
each group have been developed and are commercially available. Subtypes in each group are 
10 based on antigenic/structural characteristics. 

The terms "beta interferon", "beta-interferon", "beta IFN", "beta-IFN", "P interferon", 
"p-interferon", "P IFN", "P-IFN", "mterferon beta", "interferon-beta", "interferon P", 
"interferon-P", "IFN beta", "IFN-beta", "DFN.P", "IFN-P", and 'Tiuman fibroblast interferon" 
are used interchangeably herein to describe members of the group of interferon beta's which 
15 have distinct amino acid sequences as have been identified by isolating and sequencing DNA 
encoding the peptides. 

Additionally, the terms 'T>eta interferon la", *a)eta interferon-la" "beta-interferon la", 
'T)eta-inteiferon-la", "beta IFN la", "beta IFN-la", "beta-IFN la", "beta-IFN-la", "p interferon 
la", "p interferon-la", "p-interferon la", "p-interferon-la", "P IFN la", "p IFN-la", "p-IFN 
20 la", "P-IFN-la", "interferon beta la", "mterferon beta-la", "interferon-beta la", "interferon- 
beta-la", "interferon p la", "interferon p-la", "interferon-p la", "interferon-P-la", "IFN beta 
la", "IFN beta-la", "IFN-beta la", "IFN-beta-la", "IFN P la", "IFN p-la", "IFN-p la", "IFN- 
P-la" are used interchangeably herein to describe recombuiantly- or synthetically-produced 
interferon beta that has the naturally-occurring (wild type) amino acid sequences. 
25 The advent of recombinant DNA technology applied to interferon production has 

permitted several human interferons to be successfully synthesized, thereby enabling the large- 
scale fermentation, production, isolation, and purification of various interferons to 
homogenei]ty. Recombinanfly produced interferon retains some- or most of- its in vitro and in 
vivo antiviral and immunomodulatory activities. It is also understood that recombinant 
30 techniques could also mclude a glycosylation site for addition of a carbohydrate moiety on the 
recombinantly-derived polypeptide. 

The construction of recombinant DNA plasmids containing sequences encoding at least 
part of human fibroblast mterferon and the expression of a polypeptide havmg immuiiblogical 
or biological activity of human fibroblast interferon is also contemplated. The construction of 

88 



wo 03/061577 



PCTAJS03/01559 



hybrid beta-interfeion gpnes containsig combinatioDS of different subtype sequences can be 
accomplished by techniques known to those of skill in the art 

Typical suitable recombinant beta-inteiferons which may be used in the practice of the 
invention include but are not limited to interferon beta-la such as AVONEX® available firom 

5 Biogpn, fac, Cambridge, MA, and interfeion-beta-Jb such as BETASERON® available from 
Berlex, Richmond, CA. 

There are many mechanisms by which IFN-induced gene products provide protective 
effects agamst viral infection. Such inhibitory viral effects occur at different stages of the viial 
life cycle. See. U.S. Patent No. 6,030,785. For example, IFN can inhibit uncoating of viral 

10 particles, penetration, and/or fusion caused by viruses. 

Conditions that can be treated in accordance with the present invention are generally 
those that are susceptible to treatment with interferon. For example, susceptible conditions 
include those, which would respond positively or favorably (as these terms are known in the 
medical arts) to interferon beta-based therapy. For purposes of tibe invention, conditions fliat 

15 can be treated with interferon beta flierapy described herein mclude those conditions m which 
treatment with an interferon beta shows some efficacy, but in which the ne^tive side effects of 
IFN-P treatment outweigji the benefits. Treatment according to the methods of flie invention 
results in substantially reduced or eliminated side effects as compared to conventional 
interferon beta treatment. In addition, conditions traditionaUy thought to be refiactory to IFN- 

20 p treatment, or those for which it is impractical to treat with a manageable dosagQ of IFN-p, 
can be treated in accordance with the methods of the present invention. 

The PGC IFN-P compounds of the mvention can be used alone or in combination with 
one or more agents useful for treatment for a particular condition. At least one pilot study of 
recombinant interferon beta-la for flie treatment of chronic hepatitis C has been conducted. 

25 See g^eralfy Habersetzer et al.. Liver 30:437-441 (2000), incorporated herem by reference. 
For example, the compounds can be administered in combination with known antiviral agents 
for treatment of a viral infection. See Kakumu et aL, Gastroenterology 105:507-12 (1993) and 
Pepinsky, et al., J. Pharmacology and Experimental Therapeutics, 297:1059-1066 (2001), 
incorporated herein by reference. 

30 As used herein, the term "antivirals" may include, for example, small molecules, 

peptides, sugars, proteins, virus-derived molecules, protease inhibitors, nucleotide analogs 
and/or nucleoside analogs. A "small molecule'* as the term is used herein refers to an organic 
molecule of less than about 2500 amu (atomic mass units), preferably less dian about 1000 
amu. Examples of suitable antiviral compounds include, but are not limited to, ribavirin, 
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levovirin, MB6866, adovudine 3TC, FTC, acyclovir, gancyclovir, viiamide, VX-497, VX- 
950,andISIS-14803. 

Exemplary conditions which can be treated wife interferon include, but are not limited 
to, cell proliferation disorders, in particular multiple sclerosis, cancer hairy cell leukemia, 

5 Kaposi's sarcoma, chronic myelogenous leukemia, multiple myeloma, basal cell carcinoma and 
malignant melanoma, ovarian cancer, cutaneous T cell fymphoma), and viral infections. 
Wifliout limitation, treatment with interferon may be used to treat conditions which would 
benefit ftom inhibiting the replication of interferon-sensitive viruses. For example, interferon 
can be used alone or in combination with AZT in the treatment of human immunodeficiency 

10 virus (HIV)/AIDS or in combination with ribavirin in the treatment of HCV . Viral infections 
which may be treated in accordance with the invention include, but are not limited to, hepatitis 
A, hepatitis B, hepatitis C, other non-A/non-B hepatitis, herpes virus, Epstein-Barr virus 
(EBV), cytomegalovirus (CMV), herpes simplex, human herpes virus type 6 (HHV-6), 
papilloma, poxvirus, picomavirus, adenovirus, rhinovirus, human T lymphotropic virus-type 1 

15 and 2 (HTLV-1A2), human rotavirus, rabies, retroviruses including HIV, encephalitis, and 
respiratory viral infections. The methods of the invention can also be used to modify various 
immune responses. 

A correlation between HCV genotype and response to interferon flierapy has been 
observed. &e U.S. Patent No. 6,030,785; Enomotoetal.,N.Engi: J. Med.334:77-81 (1996); 

20 Enomoto et al, J. Clin. Invest. 96:224-30 (1995). The response rate in patients infected with 
HCV-lbislessthan40%. 5ccU.S. Patent No. 6,030,785. Similar low response rates have 
also been observed in patients infected with HCV-la. See id,\ Hoofiiagel et al., Intervirology 
37:87-100 (1994). However, the response rate in patients infected with HCV-2 is nearly 80%. 
SeeU.S.PatentNo. 6,030,785; Fried etal.,Semin. Liver Dis. 15:82-91 (1995). Infact,an 

25 amino acid sequence of a discrete region of the NS5A protem of HCV genotype lb was found 
to correlate with sensitivity to interferon. See U.S. Patent No. 6,030,785, incorporated herem 
by reference. &eflfao Enomoto etal. 1996; Enomoto etaL1995. This region has been 
identified as the interferon sensitivity determining region (ISDR). See id. 

The PGC IFN-beta conjugate is administered in a pharmacologically-eff'ective amount 

30 to treat any of tiie conditions described above, and is based on the IFN beta activity of tiie 
polymeric conjugate. The term "pharmacologically-effective amount" means the amount of a 
drug or pharmaceutical agent that will elicit the biological or medical response of a tissue, 
system, animal or human that is being sought by a researcher or clinician. It is an amount fliat 
is sufBcient to significantly affect a positive clinical response while maintaining diminished 
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levels of side effects. The amount of PGC IFN-beta which may be administeied to a subject in 
need thereof is in the range of 0.01-100 ^g/kg, or more preferably 0.01-10 Hg/kg, administered 
in single or divided doses. 

Administration of the described dosages may be every other day, but preferably occurs 
$ once a week or once every other week. Doses are administered over at least a 24 week period 
by injection. 

Administration of the dose can be oral, topical, intravenous, subcutaneous, 
intramuscular, or any other acceptable systemic method. Based on the judgment of the 
attending clinician, the amount of drug admim'stered and the treatment regimen used will, of 
10 course, be dependent on the age, sex and medical history of the patient bemg treated, the 
neutrophil corat the severity of the neutropenia), the severity of the specific disease 
condition and the tolerance of the patient to the treatment as evidenced by local toxicity and by 
systemic side-effects. 

In practice, the conjugates of the invention are administered in amounts which will be 

15 sufficient to inhibit or prevent undesired medical conditions or disease in a subject, such as a 
mammal, and are used in ihe form most suitable for such purposes. The compositions are 
preferably suitable for internal use and include an effective amount of a pharmacologically- 
active compound of the invention, alone or in combination widi otiher active agents^ with one 
or more pharmaceutically-acceptable carriers. The compounds are especially useful in that 

20 they have very low, if any, toxicity. 

The conjugates herein described can form the active ingredient of a pharmaceutical 
composition, and are typically administered in a mixture wi& suitable pharmaceutical diluents^ 
excipients or carriers (collectively referred to herein as "carrier** materials) suitably selected 
with respect to the intended form of administration, fliat is, oral tablets^ capsules, elixirs, syrups 

25 and the like. The compositions typically will include an effective amount of active compound 
or the pharmaceutically-acceptable salt thereof, and in addition, and may also include any 
carrier materials as are customarily used in the pharmaceutical sciences. Depending on the 
iDtended mode of administration, the compositions may be in solid, semi-solid or liquid dosage 
form, such as, for example, injectables, tablets, suppositories, pills, time-release capsules, 

30 powders, liquids, suspensions, or the like, preferably in unit dosages. 

Conventional pharmaceutical compositions comprising a pharmacologically-effective 
amount of a conjugate, e.g., PGC IFN-beta, together with pharmaceutically-acceptable carriers, 
adjuvants, diluents, preservatives and/or solubilizers may be used in the practice of the 
invention. Pharmaceutical compositions of interferon include diluents of various buffers (e.g., 
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argiiiine, Tris-HQ, acetate, phosphate) having a range of pH and ionic strengfli. camera (e.g., 
human serum albumm), solubflizers (e.g., tween, polysoibate), and preservatives (eg., benzyl 
alcohol). See, for example, U.S. Pat. No. 4,496,537. 

Administration of flie active compounds described herein can be via any of the 
5 accepted modes of administiation for therapeutic agents. These methods mclude systemic or 
local administration such as oral, nasal, parenteral, transdermal, subcutaneous, or topical 

administration modes. 

For instance, for oral administration in the form of a tablet or capsule (ag., a gelatin 
capsule), the active drug component can be combined with an oral, non-toxic 
10 pharmaceutically-acceptable inert carrier such as eflianol, glycerol, water, and the like. 

Moreover, when desired or necessary, suitable binders, lubricants, disintegrating agents, and 
coloring agents can also be incorporated into the mixture. Suitable binders include starch, 
magnesium aluminum sflicate, starch paste, gelatin, methylcellulose, sodium 
carboxymethylcellulose and/or polyvinylpyrrolidone, sugars, com sweeteners, natural and 
15 synthetic gums such as acacia, tragacanth or sodium alginate, polyethylene glycol, waxes and 
the like. Lubricants used in these dosage forms include sodnmi oleate, sodium stearate, 
magnesium stearate, sodium benzoate, sodium acetate, sodium chloride silica, talcum, stearic 
acid, its magnesium or calcium salt, and/or polyethylene glycol and the like. Dismtegratora 
mclude, without limitation, starch, mefliyl cellulose, agar, bentonite, xanthan gum starches, 
20 agar, alginic acid or its sodium salt, or effervescent matures, and flie like. Diluents, include, 
eg., lactose, dextrose, sucrose, mannitol, soibitol, cellulose and/or glycine. 

The conjugates of flie mvention can also be administered in such oral dosagp forms as 
timed-release and sustained-release tablets or capsules, pills, powders, granules, elixers, 
tinctures, suspensions, syrups, and emulsions. 
25 Liquid, particularly injectable compositions can, for example, be prepared by 

dissolving, dispersing, etc. The active compound is dissolved in or mixed with a 
phaimaceutically-pure solvent such as, for example, water, saline, aqueous dextrose, glycerol, 
eflianol, and the like, to thereby form the injectable solution or suspension. Additionally, solid 
forms suitable for dissolving in liquid prior to injection can be formulated. Injectable 
30 compositions are preferably aqueous isotonic solutions or suspensions. The compositions may 
be sterilized and/or contain adjuvants, such as preserving, stabilizing, wetting or emulsifying 
agents, solution promoters, salts for regulating the osmotic pressure and/or buffers. In 
addition, they may also contain other tiierapeutically-valuable substances. 
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The coiijugates of Ae present invention can be administered in intravenous (e.g., bolus 
or infusion), intraperitoneal, subcutaneous or intramuscular form, all using forms well known 
to tbose of ordinary skill in flie pharmaceutical arts. Injectables can be prepared in 
conventional forms, either as liquid solutions or suspensions. 

5 Parental injectable administration is generally used for subcutaneous, intramuscular or 

intravenous injections and infusions. For example, when a subcutaneous injection is used to 
deliver 0.01-100 ng/kg, or more preferably 0.01-10 ^g«cg of PEGylated IFN-beta over one 
week, two injections of 0.005-50 jig/kg, or more preferably 0.005-5 ngflcg, respectively, may 
be administered at 0 and 72 hours. Additionally, one approach for parenteral administration 

10 employs the implantation of a slow-release or sustained-released system, which assures that a 
constant level of dosage is maintained, according to U.S. Pat No. 3,710,795, incorporated 
herein by reference. 

Furthermore, preferred conjugates for the present invention can be administered in 
intranasal form via topical use of suitable intranasal vehicles, or via transdermal routes, using 

15 those forms of transdermal skm patches weU known to those of ordinary skill in that ait Tobe 
administered in the form of a transdermal delivery system, die dosage administration will, of 
course, be continuous rather than intermittent throughout the dosage regimen. Other preferred 
topical preparations include creams, ointments, lotions, aerosols, sprays and gels, wherein the 
amount administered would be 10-100 times tiie dose typically given by parenteral 

20 administration. 

For solid compositions, excipients include pharmaceutical grades of mannitol, lactose, 
starch, magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium 
carbonate, and the like may be used. Tie active compound defined above, may be also 
formulated as suppositories using for example, polyalkylene glycols, for example, propylene 
25 glycol, as the carrier. In some embodiments, suppositories are advantageously prepared from 
&tty emulsions or suspensions. 

The conjugates of the present invention can also be administered in the form of 
liposome delivery systems, such as small unilamellar vesicles, large unilamellar vesicles and 
multilamellar vesicles. Liposomes can be formed from a variety of phospholipids, containing 
30 cholesterol, stearylamine, or phosphatidylcholines. In some embodiments, a film of lipid 
components is hydrated with an aqueous solution of drug to a form lipid layer encapsulating 
the drug, as described in U.S. Pat No. 5,262,564. 

Conjugates of the present invention may also be delivered by the use of 
immunoglobulin fusions as individual carriers to which the compound molecules are coupled. 
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The compounds of the present invention may also be coupled wifli soluble polymers as 
targetable drug carriers. Such polymers can inchide polyvinylpyrrolidone, pyran copolymer, 
polyhydioxypropyl-methacrylamide-phenol, polyhydroxyethylaspanamidephenol, or 
polyefliyleneoxidepolylysme substituted with palmitoyl residues. The conjugates can also be 

5 coupled to protems, such as, for example, receptor proteins and albumin. FurfliermoTe, Ihe 
compounds of the present invention may be coupled to a class of biodegradable polymers 
useful in achieving controlled release of a drug, for example, polylactic acid, polyepsilon 
caprolactone, polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans, 
polycyanoacrylates and cross-linked or amphipathic block copolymers of hydrogels. 

10 If desired, the pharmaceutical composition to be administered may also contain minor 

amounts of non-toxic auxiliary substances such as wetting or emulsifying agents, pH buffering 
agents, and other substances such as for example, sodium acetate, triethanolamine oleate, etc. 

The dosage regimen utilizing the conjugates is selected in accordance with a variety of 
factors including type, species, age, weight, sex and medical condition of the patient; the 

15 severity of the condition to be treated; the route of administration; the renal and hepatic 

function of the patient; and the particular compound or salt thereof employed. The activity of 
tiie compounds of the invention and sensitivity of Ae patient to side effects are also considered. 
An ordinarily skilled physician or veterinarian can readily determine and prescribe flie 
effective amount of flie drug required to prevent, counter or arrest &e progress of the 

20 condition. 

Oral dosages of die present faivention, when used for the indicated effects, will range 
between about 0.01-100 jig^g/day orally, ormore preferably 0.01-10 ng/kg/day orally. The 
compositions are preferably provided in the form of scored tablets containing 0.5-5000 ng, or 
more preferably 0.5-500 jig of active ingredient 

25 For any route of administration, divided or smgle doses may be used. For example, 

compounds of flie present invention may be administered daily or weekly, in a singje.dose, or 
the total dosage may be administered in divided doses of two, three or four. 

Any of ttie above pharmaceutical compositions may contain 0.1-99%, 1-70%, or, 
preferably, 1-50% of the active compounds of flie invention as active ingredients. 

30 As described above, flie course of flie disease and its response to drug treatments may 

be followed by clinical examination and laboratory findmgs. The effectiveness of flie flierapy 
of the invention is determined by flie extent to which flie previously described signs and 
symptoms of a condition, chronic hepatitis, are alleviated and flie extent to which flie 
normal side effects of interferon {/.a, flu-like symptoms such as fever, headache, chills. 
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myalgia, &tigue, etc. and central nervous system related symptoms such as depression, 
paresthesia, impaired concentration, etc.) are eliminated or substantially reduced. 

In some embodiments, a polyalkylated compound of tiie invention (eg,, a PEGylated 
interferon) is administered in conjunction with one or more pharmaceutical agents useful for 
5 treatment for a particular condition. For example, a polyalkylated protein can be administered 
in combination with a known antiviral agent or agent for treatment of a viral infection. Such 
antiviral compounds include, for example, ribavirin, levovirin, MB6866, and zidovudine 3TC, 
FTC, acyclovir, gancyclovir. viramide, VX-497, VX-950, and ISIS-14803. 

The conjugate and antiviral can be simultaneously administered (e.g., tbe agents are 
1 0 administered to a patient together); sequentially administered {e,g„ the agents are administered 
to the patient one after the other); or alternatively administered (eg., the agents are 
administered in a repeatmg series, such as agent A then agent B, ihen agent A, etc.). 

In the practice of the invention, the preferred PGC IFN-beta (e.g., PEG IFN-beta) may 
be administered to patirats infected with the hepatitis C virus. Use of PEG IFN-beta-la is 
IS preferred. 

Patients are selected for treatment from anti-HCV antibody-positive patients with 
biopsynlocumented chronic active hepatitis. 

In order to follow the course of HCV replication in subjects in response to drug 
treatment, HCY RNA may be measured in serom samples by, for example, a nested 
20 polymerase chain reaction assay that uses two sets of primers derived from the NS3 and NS4 
non-structural gene regions of the HCV genome. See Farci et al., 1991 , New Eng. J. Med. 
325:98-104. Ulrich et al., 1990. J. Clin. Invest, 86:1609-1614. 

Antiviral activity may be measured by changes in HCV-KNA titer. HCV RNA data 
may be analyzed by comparing titers at the end of treatment with a pre-treatment baseline 
25 measurement. Reduction in HCV RNA by week 4 provides evidence of antiviral activity of a 
compound. See Kleter et al., 1993, Antunicrob. Agents Chemother. 37(3):595-97; Orito et al., 
1995, J. Medical Virology, 46: 109-1 1 5. Changes of at least two ordera of magnitude (>2 log) 
is interpreted as evidence of antiviral activity. 

A person suffering from chronic hepatitis C infection may exhibit one or more of the 
30 following signs or symptoms: (a) elevated serum alanine aminotransferase (ALT), (b) positive 
test for anti-HCV antibodies, (c) presence of HCV as demonstrated by a positive test for HCV- 
RNA, (d) clinical stigmata of chronic liver disease, (e) hepatocellular damage. Such criteria 
may not only be used to diagnose hepatitis C, but can be used to evaluate a patient's response 
to drug treatment. 
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Elevated alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are 
known to occur in uncontrolled hepatitis C, and a complete response to treatment is generally 
defined as the normalization of these serum enzymes, particularly ALT. See Davis et al., 1989, 
New Big. J. Med. 321:1501-1506. ALT is an enzyme released when liver cells are destroyed 

5 and is symptomatic of HCV infection. Interferon causes synthesis of the enzyme 2*,5 - 
oligoadenylate synthetase (2'5'OAS), which in turn, results in the degradation of the viral 
mKNA. See Houglum, 1983, Clinical Pharmacology 2:20-28. Increases in serum levels of the 
2'5*OAS coincide with decrease in ALT levels. 

Histological examination of liver biopsy samples may be used as a second criteria for 

10 evaluation. See, e.g., Knodell et al., 1981, Hepatology 1:431-435, whose Histological Activity 
Index (portal inflammation, piecemeal or bridging necrosis, lobular injury, and iSbrosis) 
provides a scoring method for disease activity. 

Safety and tolerability or treatment may be determined by clinical evaluations and 
measure of white blood cell and neutrophil counts. This may be assessed ttirough periodic 

1 5 monitoring of hematological parameters e,g., white blood cell, neutrophil, platelet, and red 
blood cell counts). 

Various otiier extended- or sustuned-release formulations can be prepared using 
conventional methods well known in the art 

Many modifications and variations of this invention can be made wifliout departing 
20 ftom its spirit and scope, as will be apparent to those skilled in the art Tbespecific 

embodiments described herein are oflFered by way of example only, and flie invention is to be 
ihnited only by the terms of the appended claims, along with the fiill scope of equivalents to 
which such claims are entitled. All patents and publications cited herein are incorporated by 
reference. 

25 EXAMPLES 

EXAMPLE 1: Synthesis of activated polyalkylene glycols 

A) Alkvlation of alcohols 

Activated polyalkylene glycols are synthesized by alkylating a polyalkylene glycol 
having a fi«e terminal hydroxyl fiinctionaHty. A generic reaction is oudined in Scheme I: 



96 



wo 03/061577 



PCTAJS03/01559 



Scheme I 




The polyalkylene glycol (P-OH) is reacted with flie alkyl halide (A) to fonn flie ether 
5 (B). Compound B is then hydioxylated to form the alcohol (Q, which is oxidized to flie 

aldehyde (D). In these compounds, n is an integer fiom zero to five and Z can be a straight- or 
btanchedHjhain. saturated or unsaturated Ci to C20 alkyl or heteroa^ Zcanalsohea 
C3 to C7 saturated or unsaturated cyclic alkyl or cyclic heteioalkyl, a substituted or 
unsubstituted aiyl or hcteroaryl group, or a substituted or unsubstituted aDcaryl (flie alkyl is a 
10 Ci to C20 saturated or unsaturated alkyl) or heteroalkaiyl group. For substituted compounds, 
the substituenls can be halogen, hydrojcyl, caibonyl, carboxylate, ester, formyl, acyl, 
thiocaibonyl, fliioester, thioacetate, fliioformate, alkoxyl, phosphoryl, phosphonate, 
phosphinate, ammo, amido, amidine, imine, cyano, nitro, aado, sulfhydryl, sulfate, sulfonate, 
sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
15 moiety, imino, silyl, efl^, or allqrlfliio. Typically, P-OH is polyefliylene glycol (PEG) or 
monomeflioxy polyefliylene glycol (mPEG) having a molecular weight of 5,000 to 40,000 
Daltons (Da). 

For example, flie synfliesis of mPEG-O-2-mefliylpropionaldehyde is ouflined in 
Scheme n. 
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Scheme 11: 
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mPEG-OH with a molecular weight of 20, 000 Da (mPEG-OH 20 kDa; 2.0 g, 0,1 
ininol, Sunbio) was treated with NaH (12 mg, 0.5 mmol) in THF (35 mL). Fifty equivalents of 
3-bronio-2-methylpropene (334 g, 5 mmol) and a catalytic amount of KI were then added to 
the mixture. The resulting mixture was heated to reflux for 16 h. Water (1 mL) was then 
added and the solvent was removed under vacuum. To the residue was added CH2CI2 (25 mL) 
and the organic layer was separated, dried over anhydrous Na2S04, and flie volume was 
reduced to approximately 2 mL. This CH2CI2 solution was added to ether (150 mL) drop-wise. 
The resulting white precipitate was collected, yielding 1.9 g of compound 1. *HNMR (CDCI3, 
400 MHz) showed 5 4.98 (s, IH), 4.91 (s, IH), 1.74 (s, 3H). 

To compound 1 (1 .9 g, 0. 1 mmol) in THF (20 mL) and CH2Cfc (2 mL) at 0**C, was 
added BH3 in THF (l.OM, 3.5 mL). The mixture was stined in an ice bath for 1 h. To this 
mixture, NaOH was added slowly (2.0 M, 2.5 mL), followed by 30% H2Q2 (0.8 mL). The 
reaction was warmed to room temperature and stined for 16 h. The above work-^ip procedure 
was followed (CH2CI2, precq)itated ftom eflier) to yield 1 .8 g of 2 as a white solid. 'HNMR 
(CDCls, 400 MHz) diowed 5 1.80 (m, IH), 0.84 (d, 3H). 

Compound 2 (250 m^ was dissolved in CH2CI2 (2.5 mL) and Dess-Martm periodinate 
(DMP; 15 mg) was added with stirring for 30 mm at room temperature. To the mixtiue was 
added saturated NaHCOs and Na2S203 (2 mL) and the mixture was stirred at room temperature 
for 1 h. The above work-up procedure was followed to give 3 (mPEG-0-2- 
methylpropionaldehyde, 120 mg) as a white solid. ^HNMR (CDCI3, 400 MHz) showed 5 9 J5 
(s, IH), 2.69 (m, IH), 1.16 (d, 3H). 

A similar procedure is followed for aromatic alcohols, as shown in Scheme HI: 
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Scheme m 




In general, the aromatic alcohol (E) is reacted with the alkyl halide (A) to form tiie 
5 mono ether (F)- The remaining alcohol group of compound F is then converted to the halide 
(e.g., bromide) in Compound G, which is reacted with the polyalkylene glycol (P-OH) to give 
the ether (H). This compound is then converted to flie aldehyde (J) tfirough a hydroboration to 
the primary alcohol (t) followed by oxidation. In fliese compounds, n is an mteger fiom zero 
to five, d is zero or an integer from one to four, and Z can be a straigiht- or bianched-cham, 
10 saturatedorunsaturatedCitoC2oalkylorhetfiroalkylgroup. Z can also be a C3 to C7 saturated 
or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or unsubstituted aryl or 
heteroaiyl group or a substituted or unsubstituted alkaryl (the alkyl is a C| to C20 saturated or 
unsaturated alkyl) or heteroalkaryl group. For substituted compounds, the substituents can be 
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halogen, hydroxy!, carbonyl, caAoxylate. ester, fonnyl, acyl, thiocarbonyl, thioester, 
thioacetate, fliiofonnate, aSkoxyl phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, hnine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aiaDQrl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, or 
5 allqfl&io. 

Additionally, Ti and T2 are, independently, absent, or a straight- or branched-cbain, 
saturated or imsaturated Ci to C20 alkyl or heteroaDcyl group, and can be orflio, meta, or para to 
each other. Each L (when present) is, independently, a strai^t- or branched^hain, saturated 
or unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to C7 saturated or unsaturated cyclic 
10 allQrl or cyclic heteroallQrl, a substituted or unsubstituted aryl or heteroaiyl group or a 

substituted or unsubstituted alkaiyl wherein the alkyl is a Ci to C20 saturated or unsaturated 
alkyl or heteroalkaiyl group. The substituents can be halogen, hydroxyl, carbonyl, 
caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitto, azido, 
15 sulfhydryl, sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, or alkylthio. 

Usually, P-OH is polyethylene glycol (PEG) or monomethoxy polyethylene glycol 
(mPEG) having a molecular weight of 5, 000 to 40, 000 Da. 

For example, the synthesis of mPEG-O-p-mefliylphenyl-O-2-methylpropionaldehyde 

20 (8) is shown in Scheme IV; 
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Scheme IV: 




To a solution of 4.hydroxybenzylalcohol (2.4 g, 20 mmol) in THF (50 mL) and water 
(2.5 mL) was fiist added sodium hydroxide (1.5 g, 37.5 mmol) and flien 3-bromo-2- 

5 methylpropene (4.1 g, 30 mmol). Tliis reaction mixture was heated to reflux for 16 h. To the 
mixture was added 10% citric acid (2.5 mL) and the solvent was removed under vacuum. The 
residue was extracted with ethyl acetate (3 x 15 mL) and the combined organic layers were 
washed with saturated NaO (10 mL), dried and concentrated to give compound 4. (3.3 g, 93 
%). ^HNMR (CDCI3, 400 MHz) showed 8 7.29 (m, 2H), 6.92 (m, 2H), 5.14 (s, IH), 5.01 (s, 

10 IH), 4.56 (s, 2H), 4.46 (s, 2H), 1.85 (s, 3H). 

Mesyl chloride (MsQ; 2.5 g, 15.7 mmol) and triethyl amine (TEA; 2.8 mL, 20 mmol) 
were added to a solution of compound 4 (2.0 g, 1 1 .2 mmol) in CH2CI2 (25 mL) at 0°C and the 
reaction was placed in the refrigerator for 1 6 h. A usual work-up yielded a pale yellow oil (2.5 
g, 87%). *HNMR (CDCI3, 400 MHz) showed 5 7.31 (m, 2H), 6.94 (m, 2H), 5.16 (s, IH), 5.01 

15 (s, IH), 5.03 (s, 2H), 4.59 (s, 2H), 4.44 (s, 2H), 3.67 (s, 3H), 1.85 (s, 3H). This oil (2.4 g, 9.4 
mmol) was dissolved in THF (20 mL) and LiBr (2.0 g, 23.0 mmol) was added. TTie reaction 
mixture was heated to reflux for 1 h and was then cooled to room temperature. Water (2.5 mL) 
was added to the mixture and the solvent was removed under vacuum. The residue was 
extracted with ethyl acetate (3x15 mL) and the combmed organic layers were washed with 

20 saturated NaCl (10 mL), dried over anhydrous Na2S04, and concentrated to give the desired 
bromide 5 (2.3 g, 96%) as a pale yellow oil. *HNMR (CDCI3, 400 MHz) showed 5 7.29 (m, 
2H), 6.88 (m, 2H), 5.11 (s, IH), 4.98 (s, IH), 4.53 (s, 2H), 4.44 (s, 2H), 1.83 (s, 3H). " ' 
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mPEG-OH 20 kDa (2.0 g, 0. 1 mmol, Sunbio) was treated with NaH (12 mg, 0.5 mmol) 
in THF (35 mL) and compound 5 (0.55 g, 22.8 mmol) was added to die mixture with a 
catalytic amount of KI. The resulting mixture was heated to reflux for 16 h. Water (1.0 mL) 
was added to the mixture and the solvent was removed under vacuum. To the residue was 
5 added CH2CI2 (25 mL) and the organic layer was separated, dried over anhydrous Na2S04» and 
the volume was reduced to approximately 2 mL. Drop-wise addition to an ether solution (150 
mL) resulted in a white precipitate which was collected to yield 6 (1 .5 g) as a white powder. 
^HNMR (CDCI3, 400 MHz) showed 5 7.21 (d, 2H), 6.90 (d, 2H), 5.01 (s, 11^, 4.99 (s, IH), 
4.54 (s, 2H), 4.43 (s, 2H), 1 .84 (s, 3H). 

10 To a solution of compound 6 (1,0 g, 0.05 mmol) in THF (10 mL) and CH2CI2 (2 mL) 

cooled to O^^C, was added BH3/THF (1 .0 M, 3.5 mL) and the reaction was stirred for 1 h. A 2.0 
M NaOH solution (2.5 mL) was added slowly and followed by 30% H2O2 (0.8 mL). The 
reaction mixture was allowed to warm to room temperature and stirred for 16 h. The above 
work-up procedure was followed (CH2CI2, precipitated from ether) to yield 7 (350 mg) as a 

15 white solid. ^HNMR (CDCI3, 400 MHz) showed 5 721 (d, 2iH), 6.84 (d, 2H), 4.54 (s, 2H), 2.90 
(m,2H),1.96(d,3H). 

Compound 7 (1 50 mg, 0.0075 mmol) was dissolved in CH2CI2 (1 *5 mL) and DMP (1 S 
mg) was added while the reaction mixture was stirred at room temperature for 1 .5 h. ^HNMR 
(CDQs, 400 MHz) showed 5 9.76 (s, IH), 721 (d, 2H), 6.78 (d, 2H), 4.44 (s, 2H), 4.14 (m, 

20 2H), 2.85(m, IH), 1.21 (d, 3H). To the mixture was added saturated NaHCQ} (0.5 mL) and 
Na2S2C)3 (0.5 mL) and stirring continued at room temperature for 1 h. The above woxk-up 
procedure was followed (CH2CI2 solution, precipitated from ether) to give 8 (92 mg) as a white 
solid. 

Similarly, inPEG-0-m-metiiyIphenyl-0-2--medrylpropionaldehyde (9) was synthesized 
25 as outlined in Scheme V. 
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Scheme V: 




12 2 

To a solution of 3-hydio;^beiizyla]cohol (2.4 g, 20 mmol) in THF (SO mL) and water 



(2.5 mL) was first added sodium hydroxide (1 .5 g, 37.5 mmol) and then 3-bromo-2- 
5 . methylpropene(4.1 g,30mmol). This reaction mixture was heated to reflux for 16 h. To the 
mixture was added 10% citric acid (2.5 mL) and the solvent was removed under vacuum. The 
residue was extracted with ethyl acetate (3x15 mL) and the combined organic layers were 
washed with saturated NaQ (1 0 mL), dried and concentrated to give compound 10 (3.2 g, 90 
%). ^HNMR (CDas, 400 MHz) showed 5 7.26 (m, IH), 6.94 (m, 2H), 6.86 (m, 11^, 5.1 1 (s, 

10 IH), 5.01 (s, IH), 4.61 (s, IH), 4.44 (s, 2H), 1.82 (s, 3H). 

Msa (2.5 g, 15.7 mmol) and TEA (2.8 mL, 20 mmol) were added to a solution of 
compound 10 (2.0 g, 1 1 .2 mmol) in CH2CI2 (25 mL) at 0°C and the reaction was placed in the 
'refirigeratorfor 16h. Ausualwork-upyieldedapaIeyellowoil(2.5g, 87%). 'HNMR 
(CDCI3, 400 MHz) diowed 8 7.31 (m, IH), 7.05 (m, 2H), 6.91 (m, IH), 5.16 (s, IH), 5.04 (s, 

15 IH), 4.59 (s, IH), 4.46 (s, 2H), 3.71 (s, 3H), 1.84 (s, 3H). This oil (2.4 g, 9.4 mmol) was 
dissolved in THF (20 mL) and LiBr (2.0 g, 23.0 mmol) was added. The reaction mixtuie was 
heated to reflux fori h and was then cooled to room temperature. To the mixture was added 
water (2.5 mL) and the solvent was removed under vacuum. The residue was extracted with 
ethyl acetate (3x15 mL) and the combined organic layers were washed with saturated NaCl 

20 (10 mL), dried over anhydrous Na2S04, and concentrated to give die desired bromide U. (2.2 
g, 92 %) as a pale yellow oil. 'HNMR (CDCb, 400 MHz) showed S 729 (m, IH), 6.98 (m, 
2H), 6.85 (m. IH), 5.14 (s, 2H), 4.98 (s, 2H), 4.50 (s, 2H), 4.44 (s, 2H), 1.82 (d, 3H). - 
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mPEG-OH 20 ld)a (2.0 g, 0. 1 mmol, Sunbio) was treated wifli NaH (12 mg, 0.5 mmol) 
in THF (35 mL) and compound U (0.55 g, 22.8 mmol) was added to the mixture with a 
catalytic amount of KL The resultmg mixture was heated to reflux for 16 h. Water (1 .0 mL) 
was added to flie mixture and the solvent was removed under vacuum. To the residue was 
5 added CHjCk (25 mL) and tiie organic layer was sepamted, dried over anhydrous Na2S04, and 
the volume was reduced to approximately 2 mL Drop-wise addition to an ether solution (150 
mL) resulted in a white precipitate which was collected to yield 12 (1 .8 g) as a white powder. 
'HNMR (CDQj, 400 MHz) showed 8 7.19 (m, IH), 6.88 (m, 2H), 6.75 (m, IH), 4.44 (s, 2H), 
4.10 (m,2H), 1.82 (d.3H). 
10 To a solution of compound 12 (10 g. 0.05 mmol) in THF (7.5 mL) and CH2CI2 (2.5 

mL) cooled to 0»C, was added BUjTTHF (1.0 M, 3.5 mL) and the reaction was stirred for 1 h. 
A 2.0 M NaOH solution (3 mL) was added slowly, followed by 30% H2O2 (0.85 mL). The 
reaction mixture was allowed to warm to room temperature and stirred for 16 h. The above 
work-up procedure was followed (CH2a2. precipitated from ether) to yield 13 (450 mg) as a 
15 white solid. 'HNMR (CDQj. 400 MHz) showed 8 7.15 (m, IH), 6.84 (m, 2H), 6.69 (m, IH), 
4.50 (s, 2H), 2.90 (m, 2 H), 1.95 (d, 3H). 

Compound 13 (200 mg, O.Ol mmol) was dissolved in CH2CI2 (1 .5 mL) and DMP (20 
mg) was added while the reaction mixture was stirred at room temperature f<w 1 h. 'HNMR 
(CDCI3, 400 MHz) showed 5 9.74 (s, IH), 7.17 (m. IH), 6.86 (m, 2H), 6.74 (m, IH), 4.48 (s, 
20 2H), 4.15 (m, 2H), 2.78(m, IH), 1.22 (d, 3H). To the mixture was added saturated NaHCOj 
(0.5 mL) and Na2S203 (0.5 mL) and stining continued at room temperature for 1 h. The above 
work-up procedure was followed (CH2a2 sohition, precipitated finom ether) to give 9 (142 mg) 
as a white soUd. 

R ) Generation via Reaction with Aromati c Alcohols 

25 Activated polyaHqrlene glycols are synthesized by a Mitsunobu reaction between a 

potyalkylene glycol having a free terminal hydroxyl fimctionality and an aromatic alcohol. 
The reaction scheme is outlined in Scheme VI. 
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Scheme VI: 




H 



L 



The polyalkylene glycol (P-OH) is reacted with an alcohol (K) to fonn the ether (L). In these 

5 compounds, m is zero or one, d is zero or an integer fiom one to four, and n is zero or an 
integer from one to five. Y is O, S, CO, CO2, COS, SO, SQ2, CONR', SO2NR*, and NR\ 
Ti and T2 are, independently, absent, or a straight* or faranched-chain, saturated or unsaturated 
Ci to C20 alkyl or heteroalkyl group. 

R* and Z are, independently, hydrogen, a straight- or branched-chain, saturated or 

10 unsaturated Ci to C20 alkyl or heteroalkyl group. 

Each L (if present) is, independently, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to C? saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaiyl group or a substituted or 
unsubstituted alkaryl. The alkyl is a C] to C20 saturated or unsaturated alkyl or heteroalkaryl 

1 5 group, and the substituents can be halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, 
acyl, thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, 
phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, 
sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, ether, or alkylthio. 

20 P is a polyalkylene glycol polymer. Usually, P-OH is polyeftylene glycol (PEG) or 

monomethoxy polyethylene glycol (mPEG) having a molecular weight of 5, 000 to 40, 000 Da. 
For example, a synthesis of mPEG-0-;>-phenylacetaldehyde (16) is outlined in Scheme 

vn. 
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Scheme Vn: 




16 



4-hydroxyphenylacetaldehyde (15) was synthesized as described in Heterocycles, 

5 2000, 53, 777-784. 4-Hydroxyphenethyl alcohol (Compound 14, 1.0 g, 7.3 mmol, Aldrich) 
was dissolved in dimethylshlfoxide (8 mL, Aldrich). With stiiring, TEA {22 mL, 16 mmol, 
Aldrich) was added slowly. Pyridine-solfiir trioxide (S03.py) complex (2.5 g, 16 mmoU 
Aldrich) was completely dissolved in dimethylsulfoxide (9 mL, Aldrich) and fliis solution was 
added diop-wise to tte alcohol, with vigorous stitring. After stining for 1 h at room 

10 tenq)erature, the reaction was diluted with CH2a2, Aen washed with ice-cold water. The 
organic layer was dried over Na2S04, filtered, and concentrated to dryness. Purification using 
silica gel chromatography with hexane-ethyl acetate as eluent (5:1, then 2:1) yielded 488 mg 
(49%) of 4-hydroxyphenylacetaldehyde (15). 

mPEG-OH 20 kDa (101 mg, 0.005 mmol) and 4-hydroxyphenylacetaldehyde (15) (39 

15 mg, 0.29 mmol) were azeotroped four times witii toluene, then taken up in anhydrous CUiCk 
(2 mL, Aldrich). To this solution was added triphenylphosphine (PPha; 66 mg, 0.25 mmol, 
Aldrich) and then diisopropylazodicaiboxylate (DIAD; 49 pL, 0.25 mmol, Aldrich) with 
stirring. After 3 days of stirring at room temperature, the reaction mixture was added drop- 
wise to vigorously-stined diethyl ether. The resulting precipitate was isolated by filtration and 

20 washed three times with diethyl ether. The crude material was taken up in CH2CI2 and washed 
with water. The organic layer was dried over Na2S04, filtered, and concentrated to dryness. 
The material was taken up in minimum CH2CI2, then precipitated by adding drop-wise to 
stirred diethyl ether. This material was collected by filtration, washed three times with diefliyl 
ether and dried to give 63 mg (62%) of mPEG-O-p-phenylacetaldehyde (16). 

25 A synthesis of niPEG-0-/7-phenylpropionaldehyde (17) was prepared in a similar 

manner. 
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4-hydroxyphenylpropionaldehyde was prepared by a synthesis analogous to that for 4- 
hydroxyphenylacetaldehyde {Heterocycles, 2000, 53, 777-784). 3-(4-Hydroxyphenyl>l- 

5 propanol (1 .0 g, 6,6 mmol, Aldiich) was dissolved in dimethylsulfoxide (8 mL, Aldrich). TEA 
(2.0 mL, 14 mmol, Aldrich) was added slowly with stirring. Pyridine-sulfur trioxide (S03.py) 
complex (2.3 g, 15 mraol, Aldrich) was completely dissolved in dimeftylsulfoxide (9 mL, 
Aldrich) and this sohition was added drop-wise to the alcohol, with vigorous stirring. After 
stirring for 1 h at room temperature, flie reaction was diluted with CHiClz, then washed wife 

10 ice-cold water. The organic layer was dried over Na2S04, filtered, and concentrated to 

dryness. Purification uang silica gel chromatography with hexane-ethyi acetate as eluent (5:1, 
then 2:1) yielded 745 mg (75%) of 4-hydroxyphenylpropionaldehyde. 

mPEG-OH 20 kDa (100 mg, 0.005 mmol) and 4-hydroxyphenylpropionaldehyde (40 
mg, 027 mmol) were azeottoped four times with toluene, then taken up in anhydrous CH2CI2 

15 (2 mL, Aldrich). To this solution was added triphenylphosphine (66 mg, 0.25 mmol, Aldrich) 
and Aen diisopropylazodicaAoxylate (49 fiL, 0.25 mmol, Aldrich) with stirring. After 3 days 
stirring at room temperature" the reaction mixture was added drop-wise to vigorously-stirred 
diethyl ether. The resulting precipitate was isolated by filtration and washed fliree times with 
diethyl ether. The crude material was taken up in CH2CI2 and washed with water. The organic 

20 layer was dried over Na2S04, filtered, and concentrated to dryness. The material was taken up 
in minimum CH2a2, then precipitated by adding drop-wise to stirred diethyl ether. This 
material was collected by filtration, washed three times with diethyl ether and dried to give 60 
mg (60%) of mPEG-0-/?-phenylpropionaldehyde (17). 

mPEG-O-m-phenylacetaldehyde (18) was also prepared in this way. 



25 




3-hydroxyphenylacetaldehyde was prepared by a synthesis analogous to fliat of 4- 
hydroxyphenylacetaldehyde (Heterocycles, 2000, 53, 777-784). 3-HydroxyphenethylTilcohol 
(1.0 g, 7.5 mmol, Aldrich) was dissolved in dimefliylsulfoxide (8 mL, Aldrich). TEA (2.0 mL, 
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14 nunol, Aldrich) was added slowly with stirring. Pyridme-sulfiir trioxide (SC)3.py) complex 
(2.4 g, 1 5 mmol, Aldrich) was completely dissolved m dimethylsulfoxide (8 mL, Aldrich) and 
fliis solution was added diop-wise to the alcohol, with vigorous stirring. After stirring for 1 h 
at room temperature, fte reaction was quenched wifli ice^ld water, then detracted with 
CH2a2. The organic layer was dried over Na2S04, filtered, and concentrated to dryness. 
Purification using siKca gpl chromatography with hexane-cthyl acetate as eluent (3:1, then 1:1) 
yielded 225 mg (22%) of 3-hydroxyphenylacetaldehyde. 

mPEG-OH 20 kDa (307 mg, 0.015 mmol) and 3-hydroxyphenylacetaldehyde (1 17 mg, 
0.86 mmol) were azeotroped four times with toluene, then taken up in anhydrous CUiCk (5 
mL, Aldrich). To tins solution was added tr^henylpho^hine (200 mg, 0.76 mmol, Aldrich) 
and flien diisopropylazodicarboxylate (147 pL, 0.75 mmol, Aldrich) with stirring. After 3 days 
of stirring at room temperature, the reaction mixture was added drop-wise to vigorously-stirred 
diethyl etiier. The resulting precipitate was isolated by filtration and washed three times with 
diethyl ether and dried to yield 284 mg (93%) of mPEG-O-m-phenylacetaldehyde (IS)- 

Chiral PEG-cinnamate-N-hydroxy succimmate (NHS) compounds are generated, for 
exanq)le, as shown in Schemes Vm and DC: 

Scheme Vm 




dihydroxydihydrocinnamate 
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a-Mefhyl-p-hydroxyciimamate 



PEG-Dihydiourocanate-NHS compounds are also generated via a Nfitsunobu reaction, 
as shown in Scheme X: 

Scheme X 
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PEG-Dihydrociimamate-NHS compounds aie also generated 
as shown in Scheme XIi 

Scheme XI 

O 



fipom an aromatic alcohol 




PPIi,.DEAI>,THF 



irPEGOH mPEG^^yJ^ 




31 



32 



OH 



DCC 



OH 



mPEG, 




33 



PEG-benzofurans and PEG-indoles are generated as shown in Schemes Xn and Xffl: 

Scheme Xn 



1. pd(oyavMcOH 

2. Me-PEG-OTOwse 




O CQzMe 



24 



LNaBH4/MeOH 
2.Dess-MartmOx. 




3S 



CHO 
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Scheme Xm 




37 



C) Generation via Reaction of PE G-Amines 

PEG amines are reacted with alkyl halides to generate PEG-amides. An example of the 
generation of a PEG-amide-bicyclooctane-NHS conjugate is shown in Scheme XIV: 

Scheme XIV 




A PEG-primaiy amine is conjugated with an aiyl-halide to form a PEG-secondary 
amine conjugate, which is then reacted under Heck conditions (a stereospecific Palladium- 
catalyzed coupling of an alkene with an organic halide or triflate lacking sp^ hybridized P- 
hydrogens) with an NHS-alkene to form the desired PEG-conjugate. The synthesis of a- 
pyrimidine-containing conjugate is shown in Scheme XV: 
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Scheme XV 



PEG^ ^NHj 

+ 




PEG^ ' .^N^ 




avNHS 



HedccoaditioDS 



PEG-sulfonamide conjugates are also synthesized in this manner, as shown in Scheme 



XVI: 



Scheme XVI 



PEG^ ^NH2 
+ 



PEG, 



PEG, 




^o" ^ ^ ^1 



Heck conditioiis 




0-NHS 



/V 43 

O O 2i o 
dfliydroctnnainate-3-sulfoiianDde 



and 
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Compounds Generated via Reactio n with Heterocvcles 

PEG compounds are reacted with ring- or non-ring nitrogens in heterocycles to form 
reactive PEG species. Representative reactions are shown in Schemes XVn for 
aminopyrrolidine and XVIII for various piperazines: 

Scheme XVn 
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Scheme XVn 




1. triflic anhydride 



,0H 



Hmngf s base 

2. piperaafie 

3. acrylonitrile 

4. NaBH4/Cba3 

5. HjOCH-SOia 




1. triflic anhydride 




,0H 



Huaigfsbase 

2. piperazine 

3. socciittc aofaydride 

4. DCXyHO-NHS 



PEG^ 



EXAMPLE 2: Preparation of peptide conjugates 

The peptide conjugates according to the present invention can be prepared by reacting a 
protein with an activated PGC molecule. For example, interferon (IFN) can be reacted with a 
PEG-aldehyde in the presence of a reducing agent (e,g., sodium cyanoborol^dride) via 
reductive aUqrlation to produce the PEG-protein conjugate, attached via an amine linkage. See, 
e,g.y European Patent 0154316 Bl. 

Human EFN-P-la was PEGylated with flie followmg activated polyalkylene glycols of 
the invention: 20 kDa mPEG-O-2-mefliylpropionaldehyde, 20 kDa mPEG-O/^-methylphenyl- 
0-2-methylpropionaldehyde, 20 kDa mPEG-O-m-mefhylphenyl-O-2-methylpropionaldehyde, 
20 kDa mPEG-0-/?-phenylacetaldehyde, 20 kDa ^lPEG-0-/^•phenylpIopionaldehyde, and 20 
kDa mPEG-O-OT-phenylacetaldehyde. Ihe PEGylated proteins were purified to homogeneity 
from their respective reaction mixtures and subjected to a series of characterization tests to 
ascertain flie identity, purity, and potency of the modified proteins. 

A detafled description of the preparation and characterization of human IFN-p-la 
modified wifli 20 kDa mPEG-O-2-methylpropionaldehyde, 20 kDa mPEG-O-m-mefliylphenyl- 
O-2-mefliylpropionaldehyde, and 20 kDa mPEGO-j>phenylacetaldehyde follows. 
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A ) Prppr^ratinn and Characterization of 20 kPa niPF n-Q-2>methvh>roDionaldehvde- 
modified IFN-B-la 

Human !FN-p-la was PEGylated at its N-tenninus with 20 kDa inPEG-0-2- 
methylpropionaldehyde. Tte product of the reductive alkylation chemistry used to incorporate 
5 die PEG onto die BFN-p-la backbone resulted in the formation of an amine linkage which is 
extremely stable against degradation. The PEGylated IFN-p-la was subjected to extensive 
characterization, including analysis by SDS-PAGE, size exclusion chromatography (SEC), 
peptide mapping, and assessment of activity in an in vitro antiviral assay. The purity of the 
product, as measured by SDS-PAGE and SEC, was greater than 90%. In the PEGylated 
10 sample there was no evidence of aggregates. Residual levels of unmodified IFN-p-la in the 
product were below the limit of quantitation, but appear to represent about 1% of the product 
The specific activity of die PEGylated IFN-P-la in the antiviral activity assay was reduced 
approximately 2-fold compared to die unmodified IFN-p-la (EC50 = 32 pg/mL for 20 kDa 
mPEG-O-2-mediylpropionaldehyde-modified IFN-P-la versus EC50 =14 pg/mL for 
15 unmodified IFN-P-la). The PEGylated IFN-P-la bulk was formulated at 30 ^ig/mL m 

phosphate-buffered saline (PBS) pH 7.3, containing 14 mg/mL human seium albumin (HSA), 
snnilar to the formulation used for AVONEX® (Biogen, Cambridge, MA) which has been 
subjected to extensive characterization. The material was supplied as a fix)zen liquid which 
was stored at -70 ^C, 

20 The properties of 20 kDa mPEG-O-2-mediylpropionaldehyde-modified IFN-P-la are 

summarized in Table 1 : 

Table 1. Properties of 20 kDa mPEG-O-2-meaiylpTopionaldehyde-modified IFN-p-la 



Pegylation efficiency >90% 

25 IFN-p-1 a/PEG ratio 1 : 1 

Purity >90% 

Site of attachment N-terminus 

Antiviral activity EC50 32pg/mL 



1. Pre paration of 20 kPa mPEG-O-2-mediiYlp ro pionalde hvde-modified IFN-B-la. 
10 mL of nonformulated AVONEX® (IFN-P-la bulk intermediate, a clinical batch of bulk 
drug that passed all tests for use m humans, at 250 ^g/mL in 100 mM sodium phosphate pH 
7.2, 200 mM NaCl) was diluted with 12 mL of 1 65 mM MES pH 5.0 and 50 pL of 5 N HCl. 
The sample was loaded onto a 300 pL SP-Sepharose FF column (Pharmacia). The column v 
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washed with 3 x 300 of 5 mM sodium phosphate pH 5.5, 75 mM NaQ, and the protein was 
eluted with 5 mM sodium phosphate pH 5.5, 600 mM NaCl. Elution factions were analyzed 
for their absoibance at 280 nm and the concentration of DFN-p-la in the samples estimated 
using an extinction coefBcient of 1 .51 for a 1 mg^mL solution. The peak factions were pooled 
5 to give an IFN-P-la concentration of 3.66 mg/mL, which was subsequenfly diluted to 12 
mg/mL with water. 

To 0.8 mL of the IFN-p-la from the diluted SP-Sephaiose eluate pool, 0.5 M sodium 
phosphate pH 6.0 was added to 50 mM, sodium cyanoborohydride (Aldrich) was added to 5 
mM, and 20 kDa mPEG-02-mefliylpropionaldehyde was added to 5 mg/mL. The sample was 

10 incubated at room temperature for 16 h m the daik. The PEGylated IFN-p-la was purified 
from the reaction mixture on a 0.5 mL SP-Sepharose FF column as foUows: 0.6 mL of flie 
reaction mixture was diluted with 2.4 mL 20 mM MES pH 5 .0, and loaded on to the SP- 
Sepharose column. The column was washed with sodium phosphate pH 5.5, 75 mM NaCl and 
flien tiie PEGylated IFN-P-la was eluted from the column with 25 mM MES pH 6.4, 400 mM 

15 NaQ. The PEGylated IFN-|3-la was furflier purified on a Superose 6 HR 10/30 FPLC sizing 
column with 5 mM sodium phosphate pH 5.5, 150 mM NaCl as the mobOe phase. The sizmg 
column (25 mL) was run at 20 mL/h and 0.5 mL factions were collected. The elution 
factions were analyzed for protein content by absoibance at 280 nm, pooled, and the protein 
concentration of the pool determined. The PEGylated IFN-P-la concentration is reported in 

20 IFN equivalents as the PEG moiety does not contribute to absorbance at 280 nm. Samples of 
flie pool were removed for analysis, and the remainder was diluted to 30 Kig^mL with HSA- 
containing formulation buffer, aliquoted at 0.25 mL/vial, and stored at -70 **C. 

2, UV spectmm of purified 20 kPa mPEG-O-2-methvlpr opionaldehvde-modified 
25 IFN-B-la. The UV spectrum (240-340 ran) of 20 kDa mPEG-O-2-methylpropionaldehyde. 
modified EFN-P-la was obtained using the pre-HSA-formulated bulk sample. The PEGylated 
sample exhibited an absorbance maximum at 278-279 nm and an absorbance minimum at 249- 
250 nm, consistent with fliat observed for the unmodified IFN-p-la bulk intermediate. The 
protein concentration of the PEGylated product was estimated from the spectrum using an 
30 extinction coefficient of 8280°*^^° =1.51. The protein concentration of the PEGylated bulk was 
0.23 mg/mL. No turbidity was present in the sample as evident by a lack of absorbance at 320 
mn. 
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3. CharacterizatioTi of 20 kPa mPEG-0-2-niethvlT>ropionaldehvde>mo dified IFN-B-la 
bv SDS-P AGE, 4 ^g of unmodified and 20 kDa inPEG-O-2-niethylpropiaDaldehyde-modified 
IFN-P-la were subjected to SDS-PAGE under reducing conditions on a 10-20% gradient gel. 
The gel was stained with Coomassie brilliant blue R-250, and is shown in Figure 1 (Lane A, 
molecular weight markers (from top to bottom; 100 kDa, 68 kDa, 45 kDa, 27 kDa, and 18 kDa, 
respectively); Lane B, unmodified IFN-p-la; Lane C, 20 kDa mPEG-0-2- 
methylpiopionaldehyde-modified IFN-P-la). SDS-PAGE analysis of 20 kDa mPEG-0-2- 
methylpropionaldehyde-modified IFN-p-la revealed a single major band with an apparent 
mass of 55 kDa, consistent with modification by a single PEG. No higher mass forms resulting 
fiom the presence of additional PEG groups were detected. In the purified, PEGylated 
product, unmodified IFN-P-la was detected; however, the amount is below the Hmit of 
quantitation. The level of unmodified IFN-p-la in the preparation is estimated to account for 
only about 1% of the total proteirL 

4. Characterization of 20 kDa mPEG-0-2-me1faylpn)pionaldehvde- modified IFN-B-la 
bv size exclusion chromatop raphv. Urunodified and 20 kDa mPEG-0-2- 
methylpropionaldehyde-modified IFN-p-la were subjected to SEC on an analytical Siiperose 6 
HRlO/30 FPLC sizmg colunm using PBS pH 7.2 as flie mobile phase. The column was run at 
20 mL/h and the eluent monitored for absorbance at 280 nm, as, shown in Figure 2: Panel A: 
molecular weight standards (670 kDa, thyroglobulm; 1 58 kDa, gamma globulin; 44 kDa, 
ovalburnin; 17 kDa, myoglobin; 1 .3 kDa, vitamin B12), Panel B: 20 kDa mPEG-0-2- 
metltylpropionaldehyde-mbdified IFN-P-la; Panel C: unmodified IFN-P-la. The 20 kDa 
mPEG-O-2-methylpropionaldehyde-modified IFN-p-la eluted as a single sharp peak with an 
apparent molecular mass of approximately 200 kDa, consistent witii the large hydrodynamic 
volume of the PEG. No evidence of aggregates was observed. Unmodified IFN-p-la in the 
preparation was detected but was below the limit of quantitation. Based on the size of die 
peak, the unmodified IFN-P-la accounts for 1% or less of the product, consistent with that 
observed using SDS-PAGE. 

5. Analvsis of 20 kPa mPEG-O-2-methvlpropionaldehvde-modified IFN-B-la by 
pe ptide mapping. The specificity of the PEGylation reaction was evahiated by peptide 
mapping. Unmodified and 20 kDa mPEG-O-2-methylpropionaldehyde-modified IFN-P-la 
were digested with endoproteinase Lys-C from Achromobacter (Wako Bioproducts) and the 
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resulting cleavage products were fiactionated by reverse-phase HPLC on a Vydac C4 colunm 
using a 30 mm gradient ftom 0 to 70% acetonitrile, in 0.1% TFA. The cohmm etaent was 
monitored for absorbance at 214 nm. 

All of the predicted peptides &om the endoproteinase LysO digest of IFN-P-la have 
been identified previously by N-terminal sequencing and mass spectrometry (Pepinsky et al., 
(2001) J Pharmacology and Experimental Therapeutics 297:1059), and, of these, only the 
peptide that contains flie N-terminus of IFN-p-la was altered by modification wiOi 20 kDa 
mPEG-O-2-methylpropionaldehyde; as evident by its disappearance firom the peptide map. 
The mappmg data therefore mdicate that the PEG moiety is specifically attached to this 
peptide. The data farther indicate that the PEG modification is targeted at the N-terminus of 
the protem since only the N-terminal modification would result in the specific loss of this 
peptide. 

Preparation and Characterization of 20 kPa mPEG-O -m-meflivlDhenvl-0-2- 
metfavlpropionaldehvde-modified IFN-B-la 

Human IFN-P-la was PEGylated at the N-tenninus with 20 kDa mPEG-O-zw- 
metliylphenyl-O-2-metJiylpropionaldehyde. The product of the reductive alkylation chemistry 
fliat was used to incorporate fee PEG onto fee IFN-p-1 a backbone results in fee formation of 
an amme linkage which is extremely stable against degradation. The PEGylated IFN-p-la was 
subjected to extensive characterization, including analysis by SDS-PAGE, SEC, peptide 
mapping, and assessment of activity m an in vitro antiviral assay. The purity of fee product as 
measured by SDS-PAGE and SEC was greater fean 95%. In fee PEGylated IFN-p-la sample 
feere was no evidence of aggregates. Residual levels of unmodified IFN-p-la in fee product 
were below fee limit of quantitation, but appear to represent about 1% of fee product The 
specific activity of fee PEGylated IFN-p-la in fee antiviral activity assay was reduced 
approximately 2-fold compared to fee unmodified IFN-p-la (EC50 = 31 pg/mL for 20 kDa 
mPEG-0-7?i-mefeylphenyl-0-2-mefeylpropionaldehyde-modified IFN-P-la versus EC50 = 14 
pg/mL for unmodified IFN-p-la). The PEGylated BFN-p-la bulk was formulated at 30 ^g/mL 
in PBS pH 7.2 containing 15 mg/mL HSA, similar to fee formulation used for AVONEX® 
which has been subjected to extensive characterization. The material was supplied as a frozen 
liquid which was stored at -70 °C. 

The properties of 20 kDa mPEG-O-m-mefeylphenyl-O-2-mefeylpropionaldehyde- 

modified IFN-P-la are summarized in Table 2: 
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Table 2. Properties of 20 kDa iiiPEG<)-w-me%lphenyl-0-2-methylpiopionaIdeh^^ 
modified IFN-p-la 



PEGylation efficiency >80% 

IFN-P-la/PEG ratio 1:1 

Purity >9S% 

Site of attachment N-terminus 

Antiviral activity EC50 3 1 pg^mL 



1. Preparation of 20 kPa mPEG-0'm-methvlphenvl«0-2-methvlpro pionaldehvde- 
modified IFN-B-1 a. 80 mL of nonformulated AVONEX® (IFN-P-la bulk intermediate, a 
clinical batch of bulk drug that passed all tests for use in humans, at 254 jig/mL in 1 00 mM 
sodium phosphate pH 7.2, 200 mMNaQ) was diluted with 96 mL of 165 mM MES pH 5.0, 
and 400 ^L of 5 N HCl. The sample was loaded onto a 1 .2 mL SP-Sephaiose FF column 
(Pharmacia). The column was washed with 6.5 mL of 5 mM sodium phosphate pH 5.5, 75 
mM NaQ, and the protein was eluted with 5 mM sodium phosphate pH 5.5, 600 mM NaQ. 
Elution fiactions were analyzed for their absorbance at 280 nm and the concentration of IFN-P- 
la in the samples was estimated using an extinction coefBdent of 1.51 for a 1 mg/mL solution. 
The peak fiactions were pooled to give an IFN-p-la concentration of 4.4 mg^mL. To 2.36 mL 
of the 4.4 mg/mL IFN-P-la ftom the SP-Sepharose eluate pool, 0.5 M sodium phosphate pH 
6.0 was added to 50 mM, sodium cyanoborohydride (Aldrich) was added to 5 mM, and 20 kDa 
mPEG-0-/ii-methylphenyl-0-2-methylpropionaldehyde, was added to 10 mg^mL. The sample 
was incubated at room temperature for 21 h in the dark. The PEGylated IFN-P-la was purified 
ftom the reaction mixture on a 8.0 mL SP-Sephaiose FF column as follows: 9.44 mL of 
reaction mixture was diluted wilh 37.7 naL of 20 riiM MES pH 5.0, and loaded onto (he SP- 
Sepharose column. The column was washed with sodhun phosphate pH 5.5, 75 mM NaCl and 
flien flie PEGylated IFN-p-la was eluted firom the column with 25 mM MES pH 6.4, 400 mM 
NaO. The PEGylated IFN-p-la was fiurther purified on a Superose 6 HR 10/30 FPLC sizing 
column with 5 mM sodium phosphate pH 5.5, 150 mM NaCl as the mobfle phase. The sizing 
column (25 mL) was run at 24 mL/h and 0.25 mL fiactions were collected. The elution 
fiactions were analyzed for protein content by SDS-PAGE, pooled, and the protein 
concentration of the pool determined. The PEGylated IFN-p-la concentration is reported in 
IFN equivalents after adjusting for the contribution of tte PEG to fte absorbance at 280 nm 
using an extinction coefiGcient of 2 for a 1 mg/mL solution of the PEGylated IFN-P-la. 
Samples of the pool were removed for analysis, and the remainder was dfluted to 30 j*g/mL 
witii HSA-containing formulation buffer, aliquoted at 0.25 mL/vial, and stored at -70 **C. 
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2. UV spectnim of pnrified 20 kPa mPEfi-O-w-meihv lphepvl-O-2- 
methvloroDionald «h Y'^'^"««fi«l IFN-B-la. Hie UV spectium (240-340 nm) of 20 kDa 
inPEG-0-iii-ine%lpheiiyl-0-2-me%lproirioiialdeMe-modffied IFN-p-la was obtained using 

5 the pre-HSA-fomulated bulk sample. The PEGylated sample exhibited an absoibance 
maximum at 278-279 nm and an absoibance minimum at 249-250 nm, consistent wifli fliat 
observed for the unmodified IFNH?-la bulk intennediate. The protein concentration of fte 
PEGylated product was estimated fiom flie spectrum nsmg an extinction coefBcient of ezto"^'* 
=2.0. The protein concentration ofthe PEGylated bulk was 0.42 mgtoiL. No turbidity was 

10 present in the sample as evident by the lack ofabsoibance at 320 nm. 

3. Characterization of 20 kPa mPF-G-0-»i-methv lntienvl-Q^2-roethvforopionaldehvde- 
m^fieA IFN-B-1 a by SDS-PAGE. 2.1 ngof20kDamPEG-O-»i-n»elhylphenyl-O-2- 
inethylpH)pionaldehyde-modified IFN-p-la was sabjeded to SDS-PAGE under reducing 

15 conditions on a 4-20% gradient gel. Tbs gel was stained with Coomassie brilliant blue R-250. 
SDS-PAGE analysis of 20 IdDa mPEG-0-m-methylpheiiyl-0-2-4nethylpropionaldehyde- 
modified IFN-p-la revealed a single major band wifli an apparent mass of 55 kDa consistent 
with modification by a single PEG. In the purified PEGylated product unmodified IFN-P-la 
was detected; however, the amount is below the limit of quantitation. It is estimated that the 

20 level of unmodified EFN-P-la in tire preparation accounts for only about 1% of the total 
proteiiL 

4. Characterization of 20 kPa mPHG-0-7n-meth vlnhenvl-0-2-methYlpTOpionaldehYde- 
mndified IFN-P-1 a bv size exclusion chromatography. 20 kDa mPEG-O-m-methylphenyl-O- 

25 2-methylpropionaldehyde-modified IFN-|3-1 a was subjected to SEC on an analytical Superose 
6 HRlO/30 FPLC sizing column using PBS pH 7.0 as the mobile phase. The cohnnn was run at 
24 mUh and the eluent was monitored for absorbance at 280 nm. The PEGylated IFN-p-la 
eluted as a single sharp peak wifli no evidence of aggregates figure 3). 

30 5. Analysis of 20 VDa mPEG-O-m.meflivlphenv l-O-2-methvhnopionaldehvde- 

modified IFN-P-1 a hv oentide mapping. The specificity of the PEGylation reaction was 
evaluated by peptide mapping. 13.3 fig of umnodified and 20 kDa mPEG-O-m-mefliylphenyl- 
0-2-methylpropionaldehyde-modified IFN-P-la were digested wifli 20% (w/w) of 
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endoproteinase Lys-C fiom Achromobacter (Wako Bioproducts) in PBS conlainmg 5 mM 
DTT, 1 mM EDTA, atpH 7.6, atroom temperature for 30 h (final volume = 100 |iL). 4 pL of 
1 M DTT and 100 pL of 8 M urea were then added and die sanq)les incubated for 1 h at room 
temperature. The peptides were separated by reveise^hase HPLC on a Vydac dg cohmm 

5 (214TP51) using a 70 min gradient fiom 0-63% acetonitrile, in 0.1% TFA, foUowed by a 10 
min gradient fiom 63-80% acetonitrile, in 0.1% TFA. The column ehient was monitored for 
absorbance at 214 nm. 

All of the predicted peptides fiom flie endoproteinase Lys-C digest of IFN-^-la have 
been identified previously by N-teiminal sequencing and mass q)ectrometcy (Pepinsky et al., 

10 (2001) J Pharmacology and Experimental Therqwutics 297:1059), and, of these, only the 
peptide that contains the N-terminus of IFN-P-la was altered by modification with 20 kDa 
inPEG-O-m-mefliylphenyl-O-2-niethylpropionaldehyde; as evident by its disappearance firan 
the map. The mapping data therefore indicate that the PEG moiety is specifically attached to 
fliis peptide. The data further indicate that the PEG modification is targeted at the N-terminus 

1 5 of the protein since onfy Ae N-terminal modification would result in the specific loss of this 
pq>tide. 

r ) Prxpanition and ChararteriyjttiQn of ? -<> kDa mPEG-O-p-nbenvlacetaldehvde-modified 
P?N-B-la 

Human IFN-P-la was PEGylated at the N-terminus with 20 kDa mPEG-O-p- 
20 phenylacetaldehyde. Ibe product of the reductive alkylation chemistry that was used to 

incorporate the PEG onto the EFN-p-la backbone results in the formation of an amine linkage 
which is extremely stable against degradation. The PEGylated IFN-p-la vras subjected to 
extensive characterization, including analysis by SDS-PAGE. SEC, peptide mapping, and 
assessment of activity in an in vitro antiviral assay. Hie purity of the product as measured by 

25 SDS-PAGE and SEC was greater than 95%. In the PEGylated IFN-p-la sample there was no 
evidence of aggregates. Residual levels of unmodified IFN-p-la in the product were below fbs 
limit of quantitation, but appear to represent about 1% of the product In a stability test, no 
aggregation or degradation of 20 kDa mPEG-O-p-phenylacetaldehyde-modifiedlFN-P-la was 
evident in Tris-buffer pH 7.4, following an incubation at 37 "C for up to 7 days. The specific 

30 activity of the PEGylated IFN-p-la in the antiviral activity assay was reduced approximately 
2-fold compared to the unmodified IFN-p-la (EC50 = 31 pg/mL for 20 kDa mPEG-0-^ 
phenylacetaldehyde-modified IFN-p-la versus EC50 = 14 pg/mL for unmodified IFN-p-la). 
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The PEGylated BFN-P-la bulk was formulated at 30 jig/mL in PBS pH 7.3 containing 14 
mg/wL HSA, similar to the fomulation used for AVONEX® which has been subjected to 
extensive characterization. The material was supplied as a frozen liquid which was stored at 
-70 ^C. 

5 The properties of 20 kDa mP£G-0-/?i)henylacetaldehyde-modified IFN-p-la are 

summarized in Table 3: 

Table 3. Properties of 20 kDa mPEG-0-/7-phenylacetaldehyde-modified IFN-p-la 



Pegylation efficiency >80% 

10 BFN-p-la/PEG ratio . 1:1 

Purity >95% 
Site of attachment N-teiminus 
Antiviral activity EC50 3 1 pg/mL 



1. Preparation of 20 kPa mPEG-0-z>-phenvlacetaldehvde>modified IFN-B-la. 20 mL 

IS of nonformulated AVONEX® (IFN-p-la bulkintermediate^a clinical batch of bulk drug that 
passed all tests for use in humans, at 250 ^g^mL in 1 00 mM sodium phosphate pH 72, 200 
mM NaQ) was diluted wift 24 mL of 165 mM NffiS pH 5 A 100 pL of 5 N HQ, and 24 mL 
water. The sanq>le was loaded onto a 600 MLSP-Sq)haroseFFcohunn(Pharinacia). The 
cohmm was washed witih 2 x 900 pL of 5 mM sodium phosphate pH 5.5, 75 mMNaCl, and 

20 the protein was ehited with 5 mM sodium phosphate pH 5.5, 600 mM NaCL Elution fractions 
were analyzed for tbeir absorbance at 280 mn and the concentration of IFN-P-la in the samples 
was estimated using an extinction coefBcient of 1 .5 1 for a 1 mg^mL solution. The peak 
fractions were pooled to give an IFN-|3-la concentration of 2.3 mgfmL, To 1 2 mL of tiie IFN- 
P-la from tiie SP-Sepharose ehiate pool, 0.5 M sodium phosphate pH 6.0 was added to 50 mM, 

25 sodium cyanoborohydride (Aldrich) was added to 5 mM, and 20 kDa mPEG-O-p- 

phenylacetaldehyde, was added to 10 mg^mL. The sample was incubated at room temperature 
for 1 8 h in the dark. The PEGylated IFN-p-la was purified from the reaction mixture on a 
0.75 mL SP-Sepharose FF column as follows: 1.5 mL of reaction mixture was dfluted wifli 7.5 
mL of 20 mM MES pH 5.0, 7.5 mL water, and 5 pL 5 N HQ, and loaded onto Ihe SP- 

30 Sepharose column. The column was washed with sodium phosphate pH 5.5, 75 mM NaCl and 
then the PEGylated IFN-3-1 a was eluted from the column with 20 mM MES pH 6.0, 600 mM 
NaCL The PEGylated IFN-p-la was further purified on a Supeiose 6 HR 10/30 FPLC sizmg 
column with 5 mM sodium phosphate pH 5.5, 1 50 mM NaCl as the mobile phase. The sizing 
column (25 mL) was run at 20 mL/h and 0.5 mL fractions were collected. The elution 
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fractions were analyzed for protein content by absoibance at 280 nm, pooled, and the protein 
conc^tration of the pool determined. The PEGylated IFN-^la concentration is reported in 
IFN equivalents after adjusting for flie contribution of the PEG (20 kDa mPEG-O-p- 
phenylacetaldehyde has an extinction coefScient at 280 nm of 0.5 for a 1 mg^mL solution) to 
S the absoibance at 280 nm using an extinction coefBcient of 2 for a 1 mg/mL solution of the 
PEGylated IFN-^-la. San^les of the pool were removed for analysis, and the remainder was 
diluted to 30 }ig/xnL with HSA-contaming foimulation buffer, aliquoted at 0.2S mUvial, and 
stored at -70 *^C. 

2. UV spectrum of purified 20 kPa mPEG-O-p-phenvlacetaldehyde-modified IFN-B-la. 
10 The UV spectrum (240-340 nm) of 20 kDa mPEG-0-;7-phenylacetaldehyde-modified DFN-p- 

la was obtained using the pre-HSA-formulated bulk sample. The PEGylated sample exhibited 
an absorbance maximum at 278-279 mn and an absorfoance minimum at 249-250 nm, 
consistent with fliat observed for the unmodified EFN-^-l a bulk intermediate. The protein 
concentration of the PEGylated product was estunated from the spectrum using an extinction 
15 coefBcient of Bm^'^"^ ^ 2.0. The protein concentration of Ae PEGylated bulk was 0.10 
mg/mL. No turbidity was present in the sample as evident by the lack of absorbance at 320 
nm. 

3. Characterization of 20 kPa mPEG-O-p-phenvlacetaldehvde-modified IFN-B-la bv 
20 SDS-PAGE . 2.5 ^g of unmodified and 20 kDa mPEG-O-p-phenylacetaldehyde-modified 

IFN-P-la were subjected to SDS-PAGE under reducing conditions on a 10-20% gradient gel. 
The gel was stained with Coomassie brilliant blue R-250, and is shown in Figure 4 (Lane A: 20 
kDa mPEG-O-p-phenylacetaldehyde-modified IFN-p-la; Lane B: unmodified IFN-P-la; Lane 
C: molecular weight markers (firom top to bottom; 100 kDa, 68 kDa, 45 kDa, 27 kDa, and 18 

25 kDa, respectively)). SDS-PAGE analysis of 20 kDa mPEG-0-j7-phenylacetaldehyde-modified 
BFN-P-la revealed a single major band with an apparent mass of 55 kDa consistent with 
modification by a single PEG. No higher mass forms resulting fiDm the presence of additional 
PEG groups were detected. In the purified PEGylated product unmodified IFN-P-la was 
detected; however, the amount is below the limit of quantitation. It is estimated that the level 

30 of uiunodified IFN-f-la in the preparation accounts for only about 1% of the total protein. 
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4. rhatacterization of 20 kPa mPEG-Q^p-pheny lacetaldehyde-modified IFN-B-la by 
<;iV^ exclusion chromatographv. 20 ld)a mPEG-O-p-phenylacetaldehyde-modified 
was subjected to SEC on an analytical Superose 6 HRlO/30 FPLC sizing column using PBS 
pH 7.2 as the mobile phase. The column was lun at 20 mL/h and the eluent was monitored for 

5 absoibance at 280 ran, as shown in Figure 5: Panel A: molecular weight standards (670 kDa, 
thyroglobulin; 158 kDa, gamma globulin; 44 kDa, ovalbumin; 17 kDa, myoglobin; 13 kDa, 
vitamin B12); Panel B: 20 kDa mPEG-0-j>-phenylacetaldehyde-modified IFN-P-la. The 
PEGylated IFN-P-1 a eliited as a single shaip peak with an apparent molecular mass of 
approximately 200 kDa consistent with the large hydrodynamic volume of the PEG. No 

10 evidence of aggregates was observed. Unmodified IFN-P-la in flie preparation was detected 
but was below the Innit of quantitation. Based on the size of tiie peak, die unmodified IFN-P- 
la accounts for 1% or less of the product, consistent with that observed using SDS-PAGE. 

5. Analysis of 20 IdPa mPEG-0>iM>henvlacetaldehvde-mo dified IFN>B4a by peptide 
manning. The specificity of the PEGylation reaction was evaluated by peptide mapping. 

15 Unmodified and 20 kDa mPEG-0-/>-phenylacetaldehyde-modified IFN-^-la were digested 
with endoprotemase Lys-C bom Achromobacter (Wako Bioproducts) and the lesultmg 
cleavage products were fractionated by reverse-phase HPLC on a Vydac C4 column using a 30 
min gradient from 0 to 70% acetonitrile, in 0.1% TFA. The column eluent was monitored for 
absoibance at 214 nm. 

20 All of the predicted peptides from die endoproteinase Lys-C digest of IFN-p-la have 

been identified previously by N-terminal sequencing and mass spectrometry (Pepinsky et al, 
(2001) J Pharmacology and Experimental Therapeutics 297:1059), and, of these, only the 
peptide that contains the N-terminus of IFN-P-1 a was altered by modification with 20 kDa 
mPEG-O-p-phenylacetaldehyde; as evident by its disappearance from the map. The mapping 

25 data therefore indicate fliat the PEG moiety is specificaUy attached to diis peptide. The data 
further indicate that the PEG modification is targeted at the N-terminus of the protein since 
only the N-terminal modification would result in the specific loss of this peptide. 

6. Stability of 20 kDa mPEG-O-p-phenvlacetaldehvde-mo dified IFN-B-la. To test the 
30 stability of 20 kDa mPEG-O-z^-phenylacetaldehyde-modified DFN-p-la, samples were diluted 

to 0.1 \ig/mL with 100 mM Tris-HCl buffer, pH 7.4, and were then incubated at 37 for up to 
7 days. 20 pL of sample (2 \xg) was removed at days 0, 2, 5, and 7, and analyzed by SDS- 
PAGE under reducing conditions, as shown in Figure 6: Lane A: molecular weight markers 
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(fiom top to bottom; 100 kDa, 68 kDa, 45 kDa, 27 kDa, 18 kDa, and 15 kDa, respectiyely); 
Lanes B, C, D, and E: mPEG-0-/^phenylaceta]dehyde-niodified IFN-p-la removed at day 0, 
2, S, and 7, respectively. No evidence of aggregation or degradation of PEGylated EPN-p-la 
was obsexved even after 7 days at 37 '*C. 

5 EXAMPLE 3. Specific activity of PEGylated human IFN-P-la in an in vitro antiviral 
assay 

The specific antiviral activity of PEGylated IFN-^-la samples was tested on human lung 
carcinoma cells (A549 cells) that had been exposed to encephalomyocarditis (EMC) virus, and 
using the metabolic dye 2,3-bis[2-Methoxy-4-nitro-5-sulfo-phenyl]-2H-tetrazolium-5- 

10 carboxyanilide (MTT; M-56S5, Sigma, St Louis, MO) as a measure of metaboUcally-active 
ceHs remaining after exposure to the virus. Briefly, AS49 cells were pretreated for 24 h with 
either unmodified or PEGylated IFN-P-la (starting at 66.7 p^mL and dilutmg serially 1.5-fold 
to 0.8 pg/mL) prior to challenge with virus. The cells were then challenged for 2 days with 
EMC virus at a dilution that resulted in complete cell killing in the absence of IFN. Plates 

15 were flien developed with MTT. A stock solution of MTT was prepared at 5 mg^mL in PBS 
and sterile-filtered, and 50 \xL of this solution was diluted into cell cultures (100 ^L per well). 
Following incubation at room temperature for 30-60 rain, the MTT/media solution was 
discarded, cells were washed witii 100 pL PBS, and finally the metabolized dye was 
solubilized with 100 ^ 1 .2 N HCl in isopropanoL Viable cells (as determined by the presence 

20 ofthe dye) were quantified by absorbance at 450 nm. Data were analyzed by plotting 

absoibance against tfie concentration of DFN-P-la, and the activity of IFN-P-la was defined as 
the concentration at which 50% ofthe cells were killed te., the 50% cytopathic effect (EC50) or 
50% maximum OD450. The assay was performed eight times for unmodified IFN-P-1 a and 
three to four times with tiie various PEGylated IFN-P-la samples. For each assay, duplicate 

25 data points for each protein concentration were obtained. Representative plots of cell viability 
versus the concentration of unmodified or PEGylated IFN-P-1 a are shown in Figures 7A and 

7B. In Figure 7A, the symbols are as follows: unmodified IFN-P-la (O), 20 kDa mPEG-0-2- 

me%Ipropionaldehyde-modified IFN-P-la (□), 20 kDa mPEG-0-i9-methyIphenyl-0-2- 

methylpropionaldehyde-modified IFN-P-la (A), and 20 kDa mPEG-O-OT-methylphenyl-O-2- 

30 methylpropionaldehyde-modified IFN-P-la (O). In Figure 7B, the qnmbols are as follows: 

unmodified IFN-p-la (O), 20 kDa mPHG-0-;^•phenylacetaldehyde-mod^fied IFN-p-la (□), 20 
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kDa mPEG-0-/^-phenylpropionaldehyde-modified IFN-P-la (A), and 20 kDa mPEG-O-m- 

phenylacetaldehyde-modified IFN-P-la (o). 

The ECso values (flie concentration at half-maximal viral protection) for IFN-P-la 
modified witii 20 kDa njPEG-O-2-mefliylpropionaldehyde, 20 kDa mPEG-O-p-methylphenyl- 
5 02-methylpiopionaldehyde, 20 kDa mPEG-0-»i-mefliylphenyl-0-2-mefliylpropionaldehyde, 
20 kDa mPEG-0-;?-phenylacetaldehyde, 20 kDa niPEG-0-/^phenyliAopionaldehyde, and 20 
kDa mPEG-O-iB-phenylacetaldehyde are shown in Table 4. AH PEGylated IFNs-|3-la were 
modified and purified to homogeneity essentially as described for 20 kDa mPEG-0-2- 
methylpropionaldehyde^odifiedIFN.p-la,20kDamPEG-O^«-melhylphenyl-O-2- 

10 methylpropionaldehyd&-modified IFN-^la, and 20 kDa mPEG-O-p-phenylacelaldehyde- 
modified flFN-P-la as described above. 



Table 4. Specific antiviral activi^ of unmodified and PEGylated IFNs-P-la 



Protein 


Mean EC50 
(pg/mL) 


Unmodified IFN-P-la 


14 (range 12-16) 


20 kDa inPEG-02-methylpropionaldehyde-modified IFN-p-la 


32 (range 26-37) 


20 kDa ^lPEG-0-/^•methylpheny^-0-2-me1hy^p^opionaldehydeHnodi^ IFN-P-la 


41 (range 36-47) 


20 kDa inPEG-0^m-mcth)ipheny^O-2-methylpropionaldehyde-modificd IFN-P- 1 a 


31 (range 27-35) 


20 kDa mPEG-O-p-phenylacetaldehyde-modified IFN-P-la 


31 (range 25-39) 


20 kDa mPEG-0-/^•phcnylp^opionaldehyde-modified IFN-P-la 


31 (range 27-34) 


20 kDa mPEG-O^m-phenylacetaldchyde-modificd IFN-P-la 


27 (range 25-29) 



15 EXAMPLE 4. Pharmacokinetics oflntravenously-administered unmodified and 

PEGylated IFNs-P-la in rats 

Canulated female Lewis rats were injected intravenously with either 80 jig/kg of 
unmodified IFN-P-la or 24 ng/kg of tiie following PEGylated IFNs-p-la; 20 kDa mPEG-0-2- 
metiiylpropionaldehyde-modified IFN-p-la, 20 kDa mPEG-0-i7-mefliylphenyl^.2- 
20 methylpropionaldehyde-modified IFN-p-la, 20 kDa mPEG-O-p-phenylacetaldehyde-modified 
IFN-P-la, 20 kDa mPEG-0-/>-phenylpropionaldehyde-modified IFN-p-la, 20 kDa mPEG-0- 
w-phenylacetaldehyde-modified IFN-P-la, and 20 kDa niPEG-O-OT-methylphenyl-0-2- 
mefliylpropionaldehyde-modified IFN-p-la. Both the unmodified and PEGylated proteins 
were formulated in the presence of 14-1 5 mg/mL HSA as a carrier. For tiie unmodified 
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piotein, blood {02 mL) was obtained via tte canula at different time points; immediately prior 
to administration, and at 0.083, 025, 0 J. 1 25, 3, and 5 hours post-administration. For the 
PEGylated proteins, blood (02 mL) was obtained via the canula immediately prior to 
administration, and at 0.083, 025, 0.5, 125, 3, 24, 48, and 72 h post-administration. Whole 

5 blood was collected into serum separator tubes (Beckton Dickinson No. 365956) and incubated 
at room temperature for 60 min to aflow for clotting. The clotted blood was centrifuged for 10 
min at 4 ^C, and the serum removed and stored at -70 °C until the time of assay. 

The serum samples were then thawed and tested in antiviral assays. The serum samples 
were diluted 1 :50 into serum-containing medium (Dulbecco's Modified Eagles Medium 

10 containing 10% (v/v) fetal bovine serum, 100 U each of penicillin and streptomycin, and 2 mM 
L-glutamine) and tested in antiviral assays. Samples were titrated into designated wells of a 96 
well tissue culture plate containing human lung carcinoma cells (A549, #CCL-1 85, ATCC, 
RockviUe, MD). Dilutions of a standard (66.7, 44.4, 29.6, 19.8, 132, 8.8, 5.9, 3.9, 2.6, 1.7, 
1 2, and 0.8 pg/mL of the same form of IFN-p-1 a administered to the rat) and of fliree serum 

15 samples were assayed on each plate. The A549 cells were pretreated widi dihited serum 

samples for 24 h prior to challenge with encephalomyelocarditis (EMC) virus. Following a 2 
day incubation with virus, viable cells were stained with a solution of MTT (at 5 mg/mL in 
phosphate buffer) for 1 h, washed with phosphate buffer, and solubilized with 12 N HCl in 
isopropanol. The wells were flien read at 450 mn. Standard curves ofthe unmodified or 

20 PEGylated BFN-P-la were generated for each plate and used to determine the amount of 
unmodified or PEGylated IFN-p-la m each test sample. Pharmacokinetic parameters were 
then calculated usmg non-compartmental analysis with WinNonLin version 3.0 or 3.3 
software. 

Figure 8A shows the concentration versus time plots for unmodified IFN-p-la (upper 
25 panel) and IFN-p-la modified with 20 kDa mPEG-O-2-meftylpropionaldelQrde Oower panel), 
and Figure 8B shows the concentration versus time plots for IFN-P-la modified wifli 20 kDa 
mPEG-0-i7-me%lphenyl<)-2-methylpropioiialdehyde (upper panel) and 20 kDa mPEG-0-/^ 
phenylacetaldehyde (lower panel). Data points are averages firam measurements from 3 rats. 
Table 5 shows flie pharmacokinetic parameters Cmax (maximal observed concentration), 
30 ti/2 (elimination half-life) AUG (area under the curve), Vss (distribution volume at steady 
state), clearance rate, and MRT (mean residence time) for unmodified IFN-P-la and fliese 
forms of PEGylated IFN-p-la. The data shown in Figures 8A and 8B and in Table 5 were 
obtained in the same study. 
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Figure 9A shows flie concentration versus time plots for unmodified IFN-P-la (upper 
panel) and FN-P-la modified with 20 kDamPEG-O-p-phenylpropionaldehyde Oower panel). 
Data points are averages fiom measurements ftom 2 rats. Figure 9B shows the concentration 
versus time plots for IFN-p-la modified with 20 kDa mPEG-O-m-phenylacetaldehyde (upper 

5 panel) and 20 kDa niPEG^m-methylphenyl-O-2-methylpropionaldehyde Oowerpanel). Data 
points are averages ftom measurements ftom 3 rats. 

Table 6 shows tiie pharmacokinetic parameters for unmodified IFN-p-la and these 
forms of PEGylated IFN-^-la. The data shown in Figures 9A and 9B and in Table 6 were 
oblamed in the same study, independent fiom flie data diown in Figures 8A and 8B, and m 

10 Table 5. 

As is clear fiom the data diown in Figures 8A, SB, 9A, and 9B, and in Tables 5 and 6, 
PEGylation of IFN-P-la witii the PEG molecules of tiie invention improves flie 
phannacokinetic properties of IFN-p-la. In all cases, flie PEGylated proteins were cleared less 
rapidly flian unmodified IFN-p-la, resulting in clearance rates of 35-8.3 mUh/kg as compared 
15 to 160-170 mL/h/kg for die unmodified protein. As a consequence of tiie reduced clearance 
rates, flie mean residence time (MRT) increased fiom approximately 1 h for the unmodified 

protein to 4.8-7.6 h for flie FEGybted protems. Similarly, flie elimination half-life (tw) 
increased fiom approximately 1 h fiir flie unmodified protein to 5.2-13 h for tiie PEGylated 
proteins. The area under flie curve (AUG) values were also significanfly increased upon 

20 PEGylation of IFN-P-la. For unmodified IFN-P-la, flie AUG was approximately 0.5 ng.h/mL 
while for flie PEGylated proteins flie AUG values ranged ftom approximately 3 to 6 ng»h/mL, 
despite flie feet fliat flie PEGylated protems were dosed at a level 3.3-fold lower flian flie 
unmodified protein. For flie maximal observed concentration (C„^). flie values were generally 
higher for unmodified IFN-p-la flian for flie PEGylated proteins, reflecting ttie lower dose of 

25 flie modified proteins administered. For flie volume of distribution at steady state (Vss), flie 
values for aU flie PEGylated proteins were lower flian for unmodified IFN-P-la, indicating a 
restriction in flwir abili^ to exit flie central blood compartment 
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Table 5: Phannacoldnetic parameters for unmodified IFN-p-la, 20 kDa mPEG-O-2- 
ithylpropionaldehyde-modified IFN-^la, 20 kDa mPEG-O-p-methylphenyl-0-2- 
ithylpropionaldehyde-modified IFN^3.1a, and 20 kDa mPEG^-/^phenylacetaldehyde. 
modified DFN-P-la following intravenous administration in rats* 



mei 
mei 





Units 


Unmodified 
IFN-^la 


20kDamPEG-O-2- 
metfaylpropionnldebyde 
•modified IFN-P-la 


201(DaiiiPEG-O-i>- 
methylphcnyl-0-2- 
roetfaylpiopionaldebyde' 
modified IFN-^-la 


20kDamPEG-O-p- 
phcnyiacmldehyde- 
modified IFN-^-la 




pg/mL 


1,400,000 


720.000 


710.000 


590,000 


tw 


h 


0.98 


13 


11 


6.8 


AUG 


pg»h/mL 


510,000 


4,800,000 


4,500,000 


2,900,000 


Vss 


mUkg 


160 


39 


40 


53 


Clearance 


mL/h/kg 


160 


5.0 


5.3 


8.3 


MRT 


h 


0.98 


7.6 


7,4 


6.4 



TTw phannacoldnetic data for the umnodilied and PEGyiated IFNs-p-la shown were obtained in the same study 



10 Table 6: Phannacoldnetic paiameteis for unmodified IFN-P-la, 20 kDa mPEG-O-p- 
phenylptopionaldehyde-niodified IFN-p-la, 20 kDa mPEG-O-m-phenylacetaldehyde- 
modified IFN-p-la, and 20 kDa mPEG-O-m-methylphenyl-O-2-metiiylpropionaldehyde- 
modified IFN-P-la following intravenous administration in rat^ 



15 



Panuneter 


Units 


Unmodified 
IFN-p-la 


20kDamPEG-O^ 
phenylpropionaldehyde 
-modified IFN-P-U 


20kDamPEG-O-jn- 
phenylacetaldebyde- 

modified 
IFN-p-la 


20kDamPEG-O-in- 
melliylphenyl-O-2- 

rocthylpropionaldehyde 
-modified DFN-P-la 




pg/mL 


670,000 


930,000 


550,000 


700,000 


tin 


h 


0.92 


5.2 


7.7 


7.1 


AUG 


pg*h/mL 


470,000 


4,700,000 


3,800,000 


6,200,000 


Vss 


mVkg 


140 


25 


46 


21 


Clearance 


mL/h/kg 


170 


5.1 


6.4 


3.9 


MRT 


h 


0.81 


4.8 


7.2 


5.5 



study. 
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EXAMPLE 5: Comparative pharmacokinetics and pharmacodynamics of mimodified 
and PEGylated human IFN-P-la in non-human primates 

Single and repeat dose comparative studies are conducted with unmodified and 
PEGylated IFN-^-la to detennine flieir relative stability and activity in non-human primates. 
5 In these studies, the phamiacoldnetics and phannacodynamics of fee PEGylated IFN-P-la 
conjugates is compared to that of unmodified IFN-P-la and reasonable inferences can be 
extended to humans. 

Anhnals and Methods 

Stiidv 1 Trepeat dose) 
10 This is a parallel group, repeat dose study to evaluate flie comparative 

pharmacokinetics and phannacodynamics of unmodified and PEGylated IFN-p-la. Healthy 
primates (e.g., rhesus monkeys) are used forthis study. Prior to dosing, afl animals are 
evahiated for signs of ill heaWi by a laboratory aramal veterinarian on two occasions within 14 
days prior to test article administration; one evaluation must be wifliin 24 h prior to Ae first 
15 test article administration. Only healthy animals receive the test article. Evaluations include a 
general physical examination and pre^ose blood draws for baseline clinical pathology and 
baseline antibody level to WH-^la. All animak are weired and body temperatures are 
recorded within 24 h prior to test article administrations. Twelve subjects are enrolled and 
assigned to groups of three to receive I x 10« U/kg of unmodified or PEGylated IFN-p-la, but 
20 oflierwise identical IFN-p-la. Administration is by either the subcutaneous (SC) or 

intravenous (IV) routes. Six male animals receive test article by the IV route (3 per treatment) 
and another 6 male anhnals receive test article by the SC route (3 per treatment). All animals 
must be naive to IFN-p treatment Each animal is dosed on two occasions, the doses are 
separated by four weeks. The dose volume is 1 .0 mUkg. Blood is drawn for pharmacokinetic 
25 testing at 0, 0.083, 0.25, 0.5, 1. 1.5, 2, 4, 6, 8. 12, 24, 48, 72. and at 96 hours following each 
injection. Blood samples for measurement of the IFN-induced biological response marker, 
serum neopterin. are drawn at 0. 24. 48. 72, 96, 168, 336, and at 504 h foUowing 
administration of study drug. Evaluations during tiie study period include clinical observations 
performed 30 min and 1 h post-dose for signs of toxicity. Daily cage-side observations are 
30 performed and general appearance, signs of toxicity, discomfort, and changes in behavior are 
recorded. Body weights and body temperatures are recorded at regular intervals flirongh 21 
days post-dose. 
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Study 2 (single dose> 

This is a parallel group, single dose study to evaluate the comparative pharmacokinetics 
and pharmacodynamics of unmodified and PEGylated IFN-p-la. Healthy primates (e.g., 
rhesus monkeys) are used for fliis study. Prior to dosing all animals are evaluated for signs of 

5 fll health by a laboratory animal veterinarian on two occasions within 14 days prior to test 
article administration; one evaluation must be within 24 h prior to the first test article 
administration. Only healthy animals receive the test article. Evaluations mchide a general 
physical examination and pre-dose blood draws for baselme clinical pathology and baselme 
antibody level to IFN-P-la. All animals are weired and body temperatures are recorded 

10 wiflun 24 h prior to test article administrations. Twenty subjects are enrolled and assigned to 
one of five groups of four animals (2 male and 2 female per group) to receive either 1x10^ 
U/kg of unmodified or PEGylated IFN-P-la intramuscularly (I»4), or 2 x 10^ U/kg, 1 x 10^ 
U/kg, or 5 X 10* U/kg of PEGylated IFN-p-la intravenously (IV). All animals must be naive 
to EFN-P treatment The dose volume is generally LO mL/kg. Blood is drawn for 

15 pharmacokinetic testing at 0, 0.5, 1, 2, 4, 6, 8, 12, 24, 36, 48, and at 96 hours, and at 7, 14, 21, 
and at 28 days following administration of study drug. Blood samples for measurement of the 
IFN-induced biological response mariccr, 2'-5*-oligoadenylate synthase (2*-5'-OAS), are 
drawn at 0, 12, 24, 48, 72, and at 96 hours, and at 7, 14, 21, and at 28 days foDowing 
administration of study drug. Evaluations during the study period include clinical observations 

20 performed 30 min and 1 h postniose for signs of toxicity. Daily cage-side observations are 
performed and general appearance, signs of toxicity, ^scomfort, and changes in behavior are 
recorded. Body weights and body temperatures are recorded at regular intervals through 28 
days post-dose. 

Assav Methods 

25. Levels of IFN-P-la in semm are quantitated using a cytopathic effect (CPE) bioassay. 

The CPE assay measures levels of IFN-mediated antiviral activity. He level of antivhral 
activity in a sample reflects the nuniber of molecules of active IFN contained in fliat sample at 
the time the blood is drawn. This approach has been the standard method to assess the 
pharmacokmetics of IFN-p. The CPE assay detects the ability of IFN-p to protect human lung 

30 carcinoma cells (A549, #CCL-185, ATCC, Rockville, MD) ftom cytotoxicity due to 
encephalomyocarditis (EMC) virus. The cells are preincubated for 15-20 h wifli serum 
san^les to allow the induction and synthesis of EFN-inducible proteins that are resporSible for 
the antiviral response. EMC virus is then added and incubated for a further 30 h before 

131 



I 



wo 03/061577 



PCTAJS03/0t559 



assessment of cytotoxicity is made using a crystal violet stain. An internal IFN-P standard as 
well as a PEGylated IFN-P-la internal standard is tested concurrently with samples on each 
assay plate. This standard is calibrated against a natural human fibroblast IFN reference 
standard (WHO Second International Standard for Interferon, Human Fibroblast Gb-23-9Q2- 
5 S3). Each assay plate also includes cell growth control wells containing neither IFN-P of my 
kind nor EMC, and virus control wells that contain cells and EMC but no IFN-p. Control 
plates containing the standard and samples are also prepared to determine flie effect, if any, of 
fte samples on cell growth. These plates are stained without the addition of virus. Samples 
and standards are tested in duplicate on each of two replicate assay plates, yielding four data 
10 points per sample. The geometric mean concentration ofthe four replicates is reported. The 
limit of detection in this assay is 10 U/mL. Serum concentrations of neopterin are determined 
at the clinical pharmacology unit using commercially-available assays. Serum concentrations 
of 2'*S'-0AS are determined at a contract laboratory using a validated commercially-available 
assay. 

IS Pharmacoldnetic and Statistical Methods 

Rstrip™ software (MicroMath, Inc., Salt Lake City, UT) is used to fit data to 
pharmacokinetic models. Geometric mean concentrations are plotted by time for each group. 
Since assay results are expressed in dilutions, geometric means are considered more 
appropriate than arithmetic means. Serum IFN levels are adjusted for baseline values and non- 
20 detectable serum concentrations are set to S U/mL, which represents one-half the lower limit of 
detection. For IV infusion data, a two compartment IV infusion model is fit to flie detectable 
serum concentrations for each subject, and the SC data are fit to a two compartment injection 
model 

The following phaimacoldnetic parameters are calculated: 
2S (i) observed peak concentration, Cmax (U/mL); 

(ii) area under the curve fi:om0 to 48 h,AUC(Uxh/mL) using the trapezoidal 

rule; 

(iii) elimination half-life (h); 

and, fiom IV infusion data (if IV is employed): 
30 (iv) distribution half-life (h); 

(v) clearance (mUh/kg) 

(vi) apparent volume of distribution, Vd (mL/kg). 
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WinNonlin (Version 1 .0, Scientific Consulting Inc., Apex, NQ software is used to 
calculate fte elimination half-lives after IV and SC injection. For ncopterin and 2'-5'-OAS, 
ariflnnetic means by time are presented fot each group. Emx, the maximum change from 
baseline, is calculated. C„«. AUC. and E„b, are submitted to a one-way analysis of variance to 
5 compare dosmg groups. and AUC are logarithmically-tiansformed prior to analysis; 
geometric means are reported. 

EXAMPLE 6: Anti-angiogenic etfects of PEGylated human IFN-p-la; the abUity of 
PEGylated IFN-P-la to inhibit endothelial ceU proliferation in vitro 

Human venous endothelial cells (Cell,Systems, Cat # 2V0-P75) and human dermal 
10 microvascular endothelial cells (Cell Systems, Cat # 2M1-C25) are maintained in culture with 
CS-C Medium Kit (CeD Systems, Cat # 4ZO-500). 24 h prior to the experiment, cells are 
tiypsinized, and resuspended in assay medium, 90% M199 and 10% fetal bovine serum (FBS), 
md are ailjusted to desired cell density. Cells are then plated onto gelatin-coated 24 or 96 well 
plates, either at 12, 500 cells/weU or 2, 000 cellsAvell. respectively. After overnight 
15 incubation, the assay medium is replaced wilh fresh medium containing 20 ng/mL of human 
recombinant basic Fibroblast Growth Factor (bFGF) (Becton Dickinson, Cat # 40060) and 
various concentrations of unmodified or PEGylated IFN-p-la of the invention or positive 
control (endostatin can be used as a positive control, as could an antibody to bFGF) are added- 
The final volume is adjusted to 0.5 mL in the 24 well plate or 0.2 mL in the 96 weU plate. 
20 After 72 h, cells are trypsinized for Coulter counting, frozen for CyQuant fluorescence reading, 
or labeled with ['H]-thymidine. This in vUro assay tests the PEGylated hmnan IFN-p-la 
molecules of the invention for effects on endothelial cell proliferation wWchmay be indicative 
of anti-angiogenic effects in vivo. See O'Reilly, et al. Cell 88: 277-285 (1997). 

EXAMPLE 7: In vivo models to test anti-angiogenic and neovascularization effects of 
25 pE(^latedhBmanIFN-P-l««»^^*^*»y*"*"'™**'**^*'P 

Unmodified IFN-p-la and 20 kDa mPEG-O-2-methylpropionaldehyde-modified IFN- 
p-la were tested for their ability to inhibit the formation of radially-oriented vesseb altering 
the periphery of SK-MEL-1 human malignant melanoma tumors in alhymic nude homozygous 
{nuinu) mice. SK-MEL-l cells were grown in culture to 80% confluenqr, and then 2 x lO' 
30 cells inoculated intradermally (0.1 mL volume on day 0) into Ihe flank in the mid-axillary line 
m three week old athymic nude homozygous (nuInu) NCR mice (laconic, Germantown; NY). 
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24 hours later (day 1), groups of three mice each received the following subcutaneous doses of 
vehicle control, unmodified IFN-^-la, or 20 kDa niPEG-0-2-methylpn)pionaldehyde-modified 
IFN-^.la: 

5 Group A : 0.1 mL of 45.6 mg/mL human serum albumin (vehicle control) once on day 1 

only 

Group B : 0. 1 mL of 45.6 mg^nL human serum albumin containing 1 MU (5 jig) of 
unmodified IFN-P-la daily on days 1-9 inclusive 

Group C : 0.1 mL of 45.6 mg/mL human serum albumin containing 1 MU units (10 jig) 
10 of 20 IsDa mPEG-O-2-mefliylpropionaldehyde-modified IFN-p-la once on day 1 only 

Group D : 0.1 mL of 45.6 mg^mL human serum albumm (vehicle control) daily on days 
1-9 inclusive 

Mice were sacrificed on day 10 (Avertin, 0.5 mL intraperitoneally) and the tumor 

1 5 inoculation site assessed for neovascidarization, measured by an observer blind as to treatment 
group. Vessels were counted under fixed magnification under a dissecting inicroscope. Every 
radially-oriented vessel entering the periphery of the tumor was scored as a single vessel. Each 
group consisted of three mice. 

As shown m Figure 10, a smgle administration of 1 MU of 20 kDa mPEG-0-2- 

20 methylpropionaldehyde-modified IFN-P-la (group C) was as effective at reducmg the number 
of neovessels as daOy admmistration of 1 MU of unmodified IFN-p-la (group B). However, 
the effect of the 20 kDa mPEG-O-2-methylpropionaldehyde-modified IFN-p-la is more 
pronounced when considering that daily administration of the vehicle alone had some 
inhibitory effect (compare group A, vehicle given once, with group D, vehicle given daily). 

25 A variety of other models have also been developed which can be used to test the anti- 

angiogenic and anti-neovascularization effects of flie PEGylated molecules of flie inventiorL 
Some of these models have been described in United States Patents 5,733,876 (Mar. 31,1998: 
•'Method of inhibiting angiogenesis**) and 5,135,919 (Aug. 4, 1992: "Method and a 
pharmaceutical composition for the mhibition of angiogenesis"). Other assays include the 

30 shell-less chorioallantoic membrane (CAM) assay of Taylor and Folkman; Nature 297:307 
(1982) and Crum et al., Science 230:1375 (1985); the mouse dorsal air sac method anti- 
angiogenesis model of Folkman et al.; J. Exp. Med.133: 275 (1971), and the rat corneal 
micropocket assay of Gimbrone, Jr. et al., J, Natl. Cancer InsL 52:413 (1974) in which corneal 
vascularization is induced in adult male rats of flie Sprague-Dawley strain (Charles River, 
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Japan) by implanting 500 ng of bFGF (bovine, R&D Systems, bic), impregnated in ethylene- 
vinyl acetate copolymer pellets, in each cornea. In addition, a model exists in which 
angiogenesis is induced in NIH-Swiss or athymic nude {nu/nu) mice after implantation of 
MCF-7 breast carcinoma or NIH-OVCAR-3 ovarian carcinoma cells as described by lindner 
5 and Borden; Int J. Cancer 71:456 (1997). Additional tumor cell lines including (but not 
limited to) SK-MEL-1 human malignant melanoma cells may also be used to induce 
angiogenesis as described above. Various doses, with various dosing frequencies, and for 
various duration can be tested for botii flie unmodified and PEGylated IFN-p-la proteins of the 
invention. 

10 Other methods for testing PEGylated murine and rat IFN-P for anti-angiogenic effects 

in an animal model include (but are not limited to) protocols for screening new potential 
anticancer agents as described in the original Cancer Chemotherapy Reports, Part 3, Vol. 3, 
No.2, September 1972 and the supplement In Vivo Cancer Models, 1976-1982, NIH 
Publication No. 84-2635, February 1984. Because of the species specificity of Type I 

15 interferons, to assess the anti-angiogenic activity of PEGylated IFN-p in rodent models, 
PEGylated rodent IFN-p preparations (e.g., murine and rat) are generated. Such screening 
methods are exemplified by a protocol to test for flie anti-angiogenic effects of PEGylated 
murine IFN-p on subcutaneously-nnplanted Lewis Lung Carcinoma: 

20 nrip;in of Tiimor Line 

This tumor line arose spontaneously in 1951 as a carcinoma of the lung in a C57BL/6 

mouse. 

Summary of Test Procedure 

A tumor fragment is implanted subcutaneously in the axillary region of a B6D2F1 
25 mouse. The test agent (i.e., a PEGylated interferon of the invention) is administered at various 
doses, subcutaneously (SC) or intraperitoneally (DP) on multiple days following tumor 
implantation. The parameter measured is median survival time. Results are expressed as a 
percentage of control survival time. 
Animals 

30 I Propagation: C57BL/6 mice. 
Testing: B6D2F1 mice. 
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Weight Mice are within a 3 g wei^t langp, with a minimum weight of 1 8 g for males 

and 17 g for females. 
Sex: One sex is used for all test and control animals in one experiment 
Source: One source, if feasible, for all animals in one experiment 

Experiment Size 
Ten animals per test group. 
Tumor Transfer 
PROPAGATION: 

Fragment Prepare a 2-4 mm fragment ofa SO donor tumor. 

Tnne: Day 13-15. 

Site: Implant the fragment SC in the axillary region with a puncture in the inguinal 
region. 
TESTING: 

Fragment Prepare a 2-4 mm fragment of SC donor tumor. 
Time: Day 13-15. 

Site: Implant the fragment SC in the axillary region with a puncture in the inguinal 
region. 

Testing Schedule 

Day 0: Implant tumor. Run bacterial cultures. Test positive control compound in every 

odd-numbered experiment Prepare materials. Record deaths daily. 

Day 1 : Check cultures. Discard experiment if contaminated. Randomize animals. 

Treat as instructed (on day 1 and on following days). 

Day 2: Recheck cultures. Discard experiment if contaminated. 

Day 5: Weigh Day 2 and day of initial test agent toxicity evaluation. 

Day 14: Control early-death day. 

Day 48: Control no-take day. 

Day 60: End and evaluate experiment Examme lungs for tumor. 
Quality Control 

Schedule the positive control compound (NSC 26271 ; Cytoxan at a dose of 1 00 
mg/kg/injection) in every odd-numbered experiment, the regimen for which is intraperitoneal 
on Day 1 only. The lower Test/Control limit for the positive control is 140%. The acceptable 
untreated control median survival time is 19-35.6 days. 
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Evaluation 

The parameter measured is median survival time. Compute the mean animal body 
weights for Day 1 and Day 5, compute Test/Control ratio for all test groups. The mean aninml 
body weights for staging day and final evaluation day are computed. The Test/Control ratio is 
5 computed for all test groups with >65% survivors on Day 5. A Test/Control ratio value <86% 
indicates toxicity. An excessive body weight change difference (test minus control) may also 
be used in evaluating toxicity. 
Criteria for Activity 

An initial Test/Control ratio greater than or equal to 140% is considered necessary to 
10 demonstrate moderate activity. A reproducible Test/Control ratio vahie of greater flian or 
equal to 150% is considered significant activity. 

EXAMPLE 8: In vivo models to test the antiproliferative and anti-tamor effects of 
PEGylated human IFN-^la and PEGylated rodent IFNs-p 

1 5 Various in vrvo models are available to test the anti-proliferative and anti-tumor effects of 

unmodified and PEGylated human BFNs-p-la of the invention. In a model described by Bailon 
et al., Bioconjugate Chemistry 12:195 (2001), athymic nude mice (Harlan) are implanted 
subcutaneously with 2 x 10* human renal A498, human renal ACHN, or human renal G402 
cells under flie rear flank and 3-6 weeks allowed for tumors to develop. Unmodified or 

20 PEGylated human IFN-P-la is then administered at various doses, with various dosing 
frequencies, and for various duration, and tumor volume measured and compared between 
treatments. In another model described by Lindner and Borden, J: Interferon Cytokine Res 17: 
681 (1997), athymic nude {nuinu) oophorectomized female BALB/c mice are implanted wifli 2 
X 10^ MCF-7 (plus estradiol), MDA-MB-231, MDA-MB-468. or BT-20 human breast 

25 carcinoma cells, NIH-OVCAR-3 human ovarian carcinoma cells, HT-29 human colon 

carcinoma cells, or SK-MEI^l or FEMX human malignant melinoma cells, into the dermis 
overiymg the mammary glands nearest the axillae, and tte size of the tumors assessed as a 
function of time. Unmodified or PEGylated human BFN-P-la is flien administered at various 
doses, wifli various dosmg firequencies, and for various duration, and tumor volume measured 

30 and compared between treatments. Other models for testing the anti-proliferative and anti- 
tumor effects of PEGylated human IFN-P-1 a include (but are not limited to) local and 
metastatic lung cancer models described by Qin et al.. Molecular Therapy 4: 356 (200 1), and 
nude mouse xenograft models of human colorectal cancer liver metastases described by Tada 
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et al., J Clinical Investigation 108: 83 (2001). 

Other meAods for testing PEGylated murine and rat IFN-p for anti-proliferative and 
anti-tmnor effects in animal models include (but are not limited to) a mouse model of 
malignant mesothelioma described by Odakaetal, Cancer Res 61: 6201 (2001), local and 
5 metastatic hmg cancer models described by Qin et al.. Molecular Therapy 4: 356 (2001), and 
syngeneic mouse models of colorectal cancer liver metastases described by Tada et aU J 
Clinical Investigation 108: 83 (2001). 

EXAMPLE 9: In vivo models to test anti-viral effects of PEGylated marine IFN-P and 
PEGylated human IFN-p-la 

10 An in vivo mouse model is available to test &e effect of unmodified and PEGylated 

murine IFN-p on the levels of human Hepatitis B Virus (HBV) in HBV-transgenic SCID mice. 
Laridn et al.. Nature Medicine 5:907 (1999). In this model, transgenic SCID mice carrying a 
head-to-tail dimer of the human HBV genome have detectable levels of HBV replicative forms 
and pre-genomic RNA in the liver, and HBV virus in the serum. Hepatocytes from the 

1 5 transgenic mice are also positive for the HBsAg, HBcAg, and HbxAg proteins, indicative of 
viral replication. An example of a protocol for comparing uimiodified and PEGylated murine 
IFN-P in this model is given below: 

30 mice (5 groups of 5 plus 5 spare) with comparable viral titer are titered at two 
independent time points (at least 1 week apart) to establish a baseline titer and to ensure that 

20 their titers remain constant prior to dosing with murine IFN-p. Groups of 5 mice are dosed 3 
times per week (Monday, Wednesday, and Friday) subcutaneously with the following samples, 
as shown in Table 7. 



Table? 

Group Dosing sample 

25 1 Vehicle control (1 mg/mL murine serum albumin, MSA) 

2 30 U unmodified murine IFN-P in 1 mg/mL MSA 

3 300 U unmodified murine IFN-p in 1 mg/mL MSA 

4 3000 U unmodified murine IFN-P in 1 mg/niL MSA 

5 30 U PEGylated murine IFN-p in 1 mg/mL MSA 
30 6 300 U PEGylated murine IFN-P in 1 mg/mL MSA 

7 3000 U PEGylated murine IFN-P in 1 mg/mL MSA 
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Viral titers are ^tennined weekty during dosing and weekly to bi-weekly for 6 months 
foHowing dosmg. Plots of viral titer against time are constructed for a conqwrison of vehicle 
and IFN-^-treated animals wifli respect to flie clearance and re-establishment of viral titer. A 
second study is then performed with the appropriate doses of unmodified and PEGylated 

5 murine IFN-p with 10-20 mice per group for a total of 30-60 mice (10-20 for control, 10-20 for 
unmodified murine IFN-P, and 10-20 for PEGylated murine IFN-p). Viral titers are assessed 
as above, and at sacrifice, serum is analyzed for viral titer as weB as for HbsAg by SDS-PAGE 
and Western blotting. Livers are also removed, frozen or fixed as necessary, and stained for 
the presence of HbsAg, HbcAg, and HbxAg. Other appropriate histological, histochemical, or 

10 biochemical tests familiar to those in the art may also be performed on serum and tissue 
sanq>les. 

An m vivo mouse model is also available to test tiie effect of unmodified and 
PEGylated human IFN-P-la on the levels of human Hepatitis C Virus (HCV) in mice canying 
cWmaeric human livers. Mercer et al.. Nature Medicine 7:927 (2001). In this model, normal 

15 human hepatocytes are grafted into SCID mice carrying a plasminogen activator transgene 
OiJb-uPA) and the mice inoculated with seram from humans infected wifli Ac different 
gentoypes of HCV. The engrafted human liver cells become infected by the virus and the virus 
replicates. Levels of HCV RNA in the serum can be quantified by PGR. as well as the levels 
of positive and negative (replicative form) RNA in the liver cells. An appropriate study 

20 protocol similar to (but not limited to) that described above for unmodified and PEGylated 
murine IFN-p in transgenic HBV SCID mice is performed to assess the efficacy of unmodified 
and PEGylated liuman IFN-p-la in tiiis model i.e. to determine flie effect of treatment on HCV 
titer, liver histology, serum ALT levels, and the presence of HCV repUcative forms in flie 
engrafted human liver tissue. Other appropriate histological, histochemical, or biochemical 

25 tests finnfliar to those in the art may also be performed on serum and tissue samples. 
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We claim: 



1 . An activated polyalkylene glycol polymer having the structure according to Formula I: 

Formula I 

r 1 
I 

P— X— (CH2)5 Q-(Y)sr— (CH2)ir -C- (CH2)5 K 

Lz Jp 

wherein P is a polyalkylene glycol polymer, 

X and Y are independently 0, S, CO, CO2, COS, SO, SO2, CONR% SOzNR', or NR'; 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl (including 
fused bicyclic and bridged bicyclic ring stmctures), a substituted or unsubstituted aryl or 
heteroaiyl group, or a substituted or unsubstituted alkaryl wherein the alkyl is a Ci to C20 
saturated or unsaturated alkyl or heteroalkaryl group, wherein the substituents are selected 
from tibe group consisting of halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, 
thiocarbonyl, thioester, thioacetate, thiofoimate, alkoxyl, phosphoryl, phosphonate, 
phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfite, 
sulfonamido, sulfonyl, heterocyclyl, araDcyl, aromatic moiety, heteroaiomatic moiety, imino, 
sulfiunoyl, sulfonate, silyl, eflier, and alkylthio; 

each R', Z and Z' is independently hydrogen, a straight- or branched-cham, saturated or 
unsaturated Ci to C20 all^l or heteroaDtyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the all^l is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from 4ie group consisting of 
halogen, hydroxyl, caAonyl, carboxylate, ester, formyl, acyl, fliiocaibonyl, ftioester, 
ftioacetate, diioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, araDcyl, aromatic moiety, heteroaromatic moiety, imino, sulfamoyl, 
sulfonate, silyl, etiier, and alkylthio; 

R is a moiety suitable for forming a bond between the compound of Formula I and a 
biologically-active compound or precursor thereof; 

misOor 1; 

each n is independenflyO or an integer from 1 to 5; and 
pis 1,2, or 3, 
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2. The activated polydXkylcDG glycol polymer of claim 1 » wherein R is chosen Smn the 
group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, acrylate, ntethaciylate, aciylamide, substituted or 
unsubstituted fhiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, sucdnimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydioxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succimmidyl, dione, mesyl, tosyl, and glyoxaL 

3. The activated polyalkylene glycol polymer of claim 1, wherein P is a polyethylene 
glycol having tiie structure of Formula 11: 

Formula n: 
E-(0-CH2CH2)a-^ 

wherein E is hydrogen or a straight- or faranched-chain C i to C20 all^l group and a is an integer 
from 4 to 10,000. 

4. The activated polyalkylene glycol polymer of claim 1 , wherein Pisa polyetiiylene 
glycol having tiie stmcture of Formula U: 

Formula n: 

E-(OCH2CH2)a-^ 

wherein E is a moiety suitable for forming a hond between the compound of Formula 1 and a 
biologically-active compound or precursor thereof and a is an integer from 4 to 10,000. 

5. The activated polyalkylene glycol polymer of claim 4, wherein E is methyl. 

6. The activated polyalkylene gflycol polymer of claim 4 wherein E is chosen from the 
group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected h3fdrazide, sucdnimidyl, isocyanate, isotiuocyanate, ditiiiqiyridine, vinylp3^dine, 
iodoacetamide, epoxide, hydro^^succinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimi^l, dione, mesyl, tosyl, and glyoxal. 

7. The activated polyalkylene glycol polymer of claim 4 wherein E has tiie structure 
according to Formula IE: 

Formula in 
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R" HC— (CH2)5 (Y)„ Q ^X— CW2CW2 

Z 

wherein each Q, X, Y, Z, m, and n are, independently, as defined; 
each W is, independenfly, hydrogen or a Ci to C7 alkyl; and 

R" is a moiety suitable for forming a bond between the compound of Formula m and a 
biologically-active conqx)und or precursor thereof. 

8. The activated polyallQrIene glycol polymer of claim 4 wherein E has the structure 
according to Formula IV: 

FonnulalV 

R"« HC— (CH2)S ^ CW2CW2 

Z 

wherein each X, Z and n are, independently, as defined; 
each W is, independently, hydrogen or a Ci to C7 alkyl; and 

R"' is a moiety suitable for forming a bond between the compound of Formula TV and 
a biologically-active compound or precursor thereof. 

9. The activated polyalkylene glycol polymer according to claim 7 wherein R" is chosen 
from the group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted fliiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

10. The activated polyalkylene glycol polymer according to claim 8 wherein R' " is chosen 
from the group consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridme, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

11. The activated polyalkylene glycol polymer accordmg to claim 4 wherein E is a 
detectable label. 
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12. The activated polyalkylene glycol potymw according to claim 1 1 wheieinE is selected 
fiom tihe group consisting of radioactive isotopes, fluorescent moieties, phoqihorescent 
moieties, chemiluminescent moieties, and quantum dots. 

13. The activated polyalkylene glycol polymer according to claim 1 wherein Q is a 
substituted or unsubstituted alkaryl. 

14. An activated polyallgrlene gjycol polymer having the structure according to Formula la: 

Formula la 

P X Q (Y)5 (CH2)ff-CH 

Z 

wherein P is a polyalkylene glycol polymer; 

X and Y are independently O. S, CO, CO2, COS. SO, SO2, CONR', SOzNR'. or NR'; 
Q is a C3 to Cs saturated or unsaturated cyclic alkyl or cyclic heteroaDqrl (includir« 

fiised bicyclic and bridged WcycHc ring stnictures), a substituted or unsubstituted aryl or 
heteroaiyl groiq), or a substituted or unsubstituted alkaiyl wherein flie aDcyl is a Ci to C20 
satorated or unsaturated alkyl or heteroalkaiyl group, wherein flie substituents are selected 
fiom flie group consisting of halogen, hydroxyl, carbonyl, carboxylate, ester, foraiyl, acyl, 
flriocarbra^l, thioester, fliioacetate, fliioformate, alkoxyl, phosphoiyl, phosphonate, 
phosphniate, amino, aniido, amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfete, 
sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, 
sul&moyl, sulfonate, silyl, ether, and alkylthio; 

each R' and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated C, to C20 alkyl orheteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteix>alkyl, a substituted or unsubstituted aryl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein flie substituents are selected fiom flie group consisting of 
halogen, hydroxyl, carbonyl, carboxylate, ester, formyl. acyl, fliioeaibonyl, fliioester, 
fliioacetate, fliioformate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfiite, sulfonate, sul&moyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moie^, heteroaromatic moiety, imino, sulfimoyl, 
sulfonate, silyl, eflier, and alkylthio; 

R is a moiety suitable for forming a bond between flie con^iound of Formula I and a 
biologically-active compound or precursw flieieof; 
m is 0 or 1; and 
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n is 0 or an integer from 1 to S. 

15. The activated polyaDcylene glycol polymer of claim 14, wherein R is chosen from the 
group consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, acrylate, methaciylate, aciylamide, substituted or 
unsubstituted ftiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyiidine, vinylpyiidine, 
iodoacetamide, epoxide, hydioxysuccinimidyl, azole, maleimide. sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and gjyoxal. 

16. The activated polyalkylene glycol polymer of claim 14, wherein P is a potyethylene 
glycol having the stnictuie of Fonnula II: 

Formula 11: 
E-(0-CH2CH2),-^ 

wherein E is hydrogen or a straight- or branched-chain C, to Cm alkyl group and a is an integer 
from 4 to 10,000. 

17. Tlie activated polyalkylene glycol polymer of claim 14, wherein P is a polyefliylene 
glycol having the stracture of Fonnula n: 

Fonnula U: 
EKO-CHaCHj),-^ 

wherein E is a moiety suitable for fonning a bond between the compound of Fonnula 1 and a 
Wologicalty-active compound or precursor thereof and a is an integer from 4 to 10,000. 

18. The activated polyalkylene gjycol polymer of claim 17, wherein E is methyl. 

19. The activated polyalkylene glycol polymer of claim 17 wherein E is chosen from flie 
group consisting of carboxyUc acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, acrylate, methaciylate, actylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyiidine, vinylpyiidine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

20. The activated polyalkylene glycol polymer of claim 17 wherein E has flie stnictnie 
according to Fonnula DI: 
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Fonnula HI 

R" HC— (CH2)s (Y)„— Q ^X— CW2CW2 

Z 

wherein each Q, X, Y, Z, m, and n are, independently, as defined; 
each W is, independently, hydrogen or a Ci to C? allqrl; and 
R" is a moiety suitable for forming a bond between the cOTipound of Fomiula ffl and a 
biologically-active conqwtmd or precursor tiiereof. 

21 . The activated polyalkylene glycol polymer of claim 17 wherem E has the structure 
according to Formula IV: 

Formula IV 

R" ^HC— (CHz); CW2CW2 



Z , 
y4ierein each X, Z and n are, independently, as defined; 
each W is, indq|>endently, hydrogen or a Ci to C7 alfc/l; and 
R»" is a moiety suitable for fimning a bond between fte compound of Formula IV and 
a biologically-active compound or precursor tiiereof. 

22. The activated polyalkylene glycol polymer accordmg to claim 20 wherein R" is chosen 
from the ffoap consisting of caibroqrlic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted flriol, halc^n, substituted or unsubstituted amine, protected amine, Iqrdrazide, 
protected hydrazide, succinimidyl, isocyanate. isofliiocyanate, dithiopyridine. vinylpyridine, 
iodoacelamide, epoxide, hydrojqrauccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and gjyoxal. 

23. The activated polyalkylene glycol polymer according to claim 17whereinR"' is 
chosen from the group consisting of carboxyUc add, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, difliiopyridine, vinylpyridine, 
iodoacelamide, epoxide, Iqrdroxysuccininiidyl, azole, maleimide, sulfone, allyl. vinylsulfone, 
tresyl, sulfo-N-succimmidyl, dione, me^l, tosyl, and glyoxal. 
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24. The activated polyalkylene glycol polymer accordiiig to claim 17 wherein E is a 
detectable label. 

25. The activated polyalkylene glycol polymer according to claim 24 wherein E is selected 
from die group consisting of radioactive isotopes, fluorescent moieties, phosphorescent 
moieties, chemiluminescent moieties, and quantum dots. 

26. The activated polyalkylene glycol polymer according to claim 14 wherein Q is a 
substituted or unsubstituted alkaryl. 

27. An activated polyalkylene glycol polymer having the structure according to Formula V: 



wherein P is a polyalkylene glycol polymer, 

X and Y are independently O, S, CO, CO2, COS, SO, SO2, CONR', S02NR% or NR'; 

Ti and T2 are, independently, absent, or a straight- or branched-chain, saturated or 
unsaturated Ci to C20 allcyl or heteroalkyl group, a C3 to Cg saturated or unsaturated cyclic alkyi 
or cyclic heteroaOgrl, a substituted or unsubstituted axyl or heten>aiyl group, or a substituted or 
unsubstituted alkaryl wherein tihe alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected &om the group consisting of 
halogen, hydroxy!, caibonyl, caxboxylate, ester, fonnyl, acyl, tfaiocarbonyl, thioester, 
thioacetate, thioformate, aDcoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfbydryl, sulfate, sulfonate, sul&moyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, edier, and 
allQrlthio; 

each R* and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cs saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, carboxylate, ester, fonnyl, acyl, thiocarbonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido. 



Formula V 




(L)d 
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amidine. imine. cyano,iiitro, azido, sulfhydryl, solfiite, sulfonate, sulfamoyl. sulfinianudo, 
sulfonyl, heteiocyclyl, aiaDcyl, aromatic moiety, heteioaromatic mmety, imino, salyl, eflier, and 
aO^ltbio; 

R is a moiety suitable for framing a bond between the compound of Fonnula V and a 
biologically-active compound or precursor thereof; 

each L is, independently, a straigjjt- at branched-chain, saturated or unsaturated Ci to 
Cm alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic 
heteroalltyl, a substituted or unsubstituted aryl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a C, to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from flie group consisting of 
halogen, hydroxyl, caibonyl, carboxylate, ester, formyl, acyl, thiocaibonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl. phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfianoyl, sulfonamido, 
sulfonyl, heterocyclyl, arall^l, aromatic moiety, hetraoaromatic moiety, imino, atyl, ether, and 
alkylthio; 

misOorl; 

d is 0 or an integer from 1 to 4; and 
n is 0 or an integer fiom 1 to S. 

28. The activated polyalkylene glycol polymer of claim 27, wherein R is chosen ftom flie 
group consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or 
unsubstituted fliiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isolhiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, aUyl, vinylsulfone, 
tiesyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

29. The activated polyallq^ene glycol polymer of claim 27, wherein P is a polyetltylene 
glycol having Uie structure of Fonnula 11: 

Formnlall: 

E-(0-CH2CH2)a-, 

wherein E is hydrogen ra a straight- 01 branched-chain C, to Cjo alkyl group and a is an integer 
from 4 to 10,000. 

30. The activated polyalkylene glycol polymer of claim 29, wherein E is methyl. 
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31. Tlie activated polyaDqrlene glycol polymer of claim 27, wherein P is a polyethylene 
glycol having die structure of Formula IL 

Fonnula 11: 

E-(0-CH2CH2)a-, 

wherein E is a moiety suitable for fomiing a bond between the compound of Fonnula V and a 
biologically-active compound or precursor thereof and a is an integer fiom 4 to 10,000. 

32. The activated polyaftylene glycol polymer of claim 31 wherein E is chosen from flie 
group consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, aDcenyl, acrylate, mefliacrylate, aciylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isofliiocyanate. dithiopyridine, vinylpyiidine, 
iodoacetamide, epoxide, hydroxysuccimmidyl, azole, maleimide, suKbne. allyl, vinylsulfone. 
tresyl, sulfo-N-succmfanidyl, dione, mesyl, tosyl, and glyoxal. 

33. TTieactivatedpolyallqrlenegfycolpolymerof claim31 \i*erein E has flie stnicture 
according to Formula III: 

Faimulain 

R" — HC—ica^ — 00— Q-^x— CW2CW2 — 
z 

wherein Q is a C3 to C» saturated or unsaturated cycUc alkyl or cyclic heteroalkyl, a 
sobstitutBd or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted alkaiyl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein 
flie substituents are selected from the group consisting of halogen, hydroxyl, caibonyl, 
caiboxylate, ester, formyl, acyl, fliiocafbonyl, thioester, fliioacetate. thioformate, aDcoxyl, 
phosphoryl, phosphonate, phospWnate, amino, amido, amidine. imine, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl. heterocyclyl, aialkyl, aromatic 
moiety, heteroaromatic moiety, imino, sUyl, ether, and alkylthio; X. Y, Z, m, and n are as 
defined; 

each W is, independently, hydrogen or a Ci to C7 allqrl; and 

R" is a moiety suitable for fomiing a bond between flie compound of Formula III and a 
biologically-active compound or precursor fliereot 
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34. The activated polyalkylene glycol polymer of claim 31 wherein E has die stroctme 
according to Fonnnla IV: 

Formula IV 

R« — -HC— (CH2)5 CW2CW2 

Z 

wherein X, Z and n are as defined; 

each W is, independently, hydrogen or a Ci to C? alkyl; and 

R"' is a moiety suitable for forming a bond between flie compound of Formula IV and 
a biologically-active compound or precursor tiiereof. 

35- The activated polyalkylene glycol polymer according to claim 33 wherein R" is chosen 
fiom the group consistmg of caxboxyUc acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, aOceiyl, aciylate, methaciylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

36. The activated polyalkylene glycol polymer according to claun 34 wherein R'" is 
chosen fipom the group consisting of cazboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, ally!, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

37. The activated polyalkylene glycol polymer according to claim 3 1 wherein E is a 
detectable label. 

38. The activated polyalkylene glycol polymer according to claim 37 wherein E is selected 
fiom the group consisting of radioactive isotopes, fluorescent moieties, phosphorescent 
moieties, chemiluminescent moieties, and quantum dots. 

39. The activated polyalkylene glycol polymer according to claim 27 wherein X and Y, if 
present, are oxygen. 
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40. An activated polyalkylene gfycol polymer having tbe structure according to Formula 
VI: 

FomiulaVI 



(L)d 




-T2 — (Y)sr-(CH2)n' 




P X— 

wherein P is a polyaDcylene glycol polymer, 

X and Y are independently O. S. CO, CO2. COS, SO, SOj, CONR', SO2NR', or MR'; 

ti and T2 are, independently, absent, or a straight- or branched-chain, saturated or 
unsaturated Ci to C^alkyl or heteroalkyl group; 

each R' and Z is independently hydrogen, a strai^t- or branched-chain, saturated or 
unsaturated Ci to Czoalkyl or heteroalkyl group; 

each L is, independenfly, a straigiht- or bianched-diain, saturated or unsaturated Ci to 
C20 alkyl or heteroalkyl ffovp, C3 to Cs saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aiyl or heteroaryl gi»up or a substitoted or 

unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteioalkaiyl group, wherein flie substituents are selected fipom Ae groiq) consisting of 

halogen, hydrwcyl, carbonyl, caiboxylate, ester, fiwmyl, acyl, fliiocarbonyl, tiiioester, 
thioacetate, tirioformate, alkoxyl, phoqihoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyaao, mtro,azido, sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, beteiocyctyl, aialkyl, aromatic moiety, heteroaromatic moiety, imino, sifyl, eflier, and 
alltylduo; 

m is 0 or 1; 

d is 0 or an integer from 1 to 4; and 
n is 0 or an integer from 1 to 5. 

41 . The activated polyalltylene glycol polymer according to claim 40, having tiie structuie 
according to Formula Vn: 

Formula VII: 
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z 




wherein P is a polyalkylene glycol polymer, 

Z is hydrogen, a straight- or bianched-chain, saturated or unsaturated Ci to C20 sSkyl or 
heteroalkyl group; and 

n is 0 or an integer from 1 to 5. 

42. The activated polyalkylene glycol polymer according to claim 41, having the structure 
according to Formula Vm: 

FonnulaVni: 

(CH2)n^° 
H , 

wherein P is a polyalkylene glycol polymer and n is an integer from 1 to 5. 

43. The activated polyalkylene glycol polymer of claim 42, wherein P is a polyethylene 
glycol having the structure of Formula H: 

Formula n: 
E-(0-CH2CH2)a-^ 

wherein E is hydrogen, a straight- or branched-chain Ci to C20 alltyl group, a detectable label, 
or a moiety suitable for fomung a bond between the compound of Formula VUI and a 
biologically-active compound or precursor thereof and a is an integer from 4 to 10,000. 

44. The activated polyalkylene glycol polymer of claim 42, wherein the ring substituents 
are located in a meta or para arrangement 

45. The activated polyalkylene glycol polymer according to claim 40, having the structure 
according to Formula DC: 

Formula DC: 
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(CH2)u O (CH2)n— CH ^ 

Z H 



wherein P is a polyaD^lene glycol polymer, 

each n and u are, independently, zero or an integer fiom one to five; and 
Z is hydrogen, a straight- or hranched-chain, saturated or unsaturated Cj to C20 alkyl or 
heteroalkyl group. 

46. The activated polyallqrlene glycol polymer ofclaun 45, wherem the 
are located in a meta or para arrangement 

47. The activated polyalkylene glycol polymer of claim 45, wherein P is a polyethylene 
glycol having the structure of Formula U: 

Formula 11: 
E-(0-CH2CH2)a-^ 

wherein E is Iqrdrogen, a straight- or branched-chain Ci to C20 alkyl group, a detectable 
label, or a moiety suitable for forming a bond between flie compound of Formula DC and a 
biologically-active compound or precursor thereof and a is an integer from 4 to 10,000. 

48. An activated polyalkylene glycol polymer havmg the stracture according to Formula X: 

Formula X: 

P— X (CH2)5" -C (CH2)n 

wherem P is a polyalkylene glycol polymer, 

X is O, S, CO, CQz, COS, SO, SO2, CONR', S02NR% orNR'; 

R* is hydrogen, a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or 
heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a 
substituted or unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaryl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaiyl group, wherein 
the substituents are selected from flie group consisting of halogen, hydroxyl, carbonyl. 
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caAoxylate, ester, fonnyl, acyl. thiocaibonyl. thioester, thioacelate. thiofonnate, alkoxyl, 
phosphoiyl, phosphonate, phosphinate, amino, amido, amidiiifi. imine, cyano, nitro, azido, 
sulfhydiyl, sulfate, sulfonate, sulfemoyl, sulfonamido. snlfonyl, heteiocyclyl. aralkyl, aiomatic 
moiety, heteroaromatic moiety, imino, silyl, eflier, and alkylfliio; 

Z and Z' are individually hydrogen, a straight- or branched-chain, saturated or 
unsaturated C, to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaiyl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteioalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, caiboxylate, ester, fonnyl, acyl, thiocaibonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido; 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, arall^l, aromatic moiety, heteroaromatic moiety, inrino, alyl. efbet, and 
alltylthio, provided that at least one Z or Z' is not hydrogen; 

R is a moiety suitable for forming a bond between the compound of FonnulaX and a 
biolo^cally-active compound or precursor Hiereof; 

each n is independently 0 or an integer fioom 1 to 5; and 

pisl,2,or3. 

49. The activated polyalkylene glycol polymer of claim 48, wherdn R is chosen fitom Ae 
group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetol, hydroxy, 
protected hydroxy, carbonate, alkenyl, aciylate, methactylate, acrylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isofliiocyanate, dilhiopyridine, vinylpyridine, 
iodoacetemide, epoxide, hydioxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfiine, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

50. The activated polyalkylene glycol polymer of claim 48, wherein P is a polyethylene 
glycol having the structure of Formula II: 

Formula 11: 

E-(0-C3l2CH2)a-^ 

wherein E is hydrogen, a straight- or branched-chain d to C20 alltyl group, or a 
detectable label; and a is an mtegpr from 4 to 10,000. 

51. The activated polyalkylene glycol polymer of claim 50, wherein E is methyl. 
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52. The activated polyalkylene glycol polymer of claim 48, wherein P is a polye&ylene 
glycol having the structure of Formula II: 

Formula II: 
E-(0-CH2CH2)a-^ 

wherein E is a moiety suitable for forming a bond between flie compound of Formula X 
and a biologically-active compound or precursor diereof and a is an integer finom 4 to 1 0,000. 

53. The activated polyalkylene glycol polymer of claim 52 wherein E is chosen from the 
group consisting of carboxylic acid, ester, aldehyde, aldehyde Itydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succmimidyl, isocyanate, isothiocyanate, difliiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

54. The activated polyalkylene glycol polymer of claim 52 wherein E has the structure 
according to Formula m: 

Formula in 

R" UC—iCa^ (Y)« Q ^X— CW2CW2 — 

Z t 
wherein P is a polyalkylene glycol polymer, 

X and Y are independently O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or NR'; 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 
or unsubstituted aiyl or heteroaryl group, or a substituted or unsubstituted alkaryl wherem the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein the 
substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, tbioacetate, fliioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imme, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamide, sulfonyl, heterocyclyl, arallQrl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

R* and each Z are independently as described above; 

misOorl; 
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each W is, independently, l^drogen or a C| to C? alkyl; 
each n is independently 0 or an integer from 1 to 5; and 

R'' is a moiety suitable for fomfaig a bond between flie compound of Formula m and a 
biologically-active compound or precursor thereof. 

55. Hie activated polyalkylene glycol polymer of claim 52 wherein E has flie structure 
according to Foimula IV: 

Formula IV 
HC— (Cai2)5 CW2CW2 — 

z 

wherein each X, Z and n are, independently, as defined; 
each W is, independently, hydrogen or a Ci to C7 allgrl; and 

R" ' is a moiety suitable for forming a bond between the compound of Formula IV and 
a biologically-active compound or precursor thereof. 

56. The activated polyalkylene glycol polymer according to claim 54 wherein R". is chosen 
from the group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted fliiol, halogen, substituted or unsubstituted amme, protected amine, hydrazide, 
protected hydrazide, succimmidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridme, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vmylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

57. The activated polyalkylene glycol polymer according to claun 55 wherem R"Ms 
chosen from the group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted tiiiol, halogen, substituted or unsubstituted amine, protected amme, Iqrdrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinhnidyl, dione, mesyl, tosyl, and glyoxal. 

58. The activated polyalkylene glycol polymer according to claim 50 wherein E is a 
detectable label. 
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59. The activated polyaBcylene glycol polymer accoidmg to claim 57 wherein E is selected 
ftom the group consisting of radioactive isotopes, fluorescent moieties, phosphorescent 
moieties, chemihiminescent moieties, and quantum dots. 

60. An activated polyalkylene glycol polymer having the stracture according to Formula 
Xa: 

Formula Xa: 
P (CH2)a CH— R 

z 

wherein P is a polyalkylene glycol polymer, 

X is O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', orNR'; 

R' is hydrogen, a straight- or branched-chain, saturated or unsaturated C] to C20 alkyl or 
heteroalkyl group, C3 to Cg saturated or unsaturated cyclic aftyl or cyclic heteroalkyl, a 
substituted or unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaryl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaiyl group, wherein 
die substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, 
phosphoiyl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

Z is a straight- or branched-chain, saturated or unsaturated C\ to C20 alkyl or heteroalkyl 
group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or 
unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaryl wherem the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein the 
substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

R is a moiety suitable for forming a bond between the compound of Formula X and a 
biologically-active compound or precursor thereof; and 
n is 0 or an integer from 1 to 5. 
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61 . The activated polyalkylene glycol polymer of claim 60, wherem R is chosen from ihe 
group consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, aciylate, methaciylate, acrylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstitated amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tiesyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

62. The activated poIyaDcylene glycol polymer of claim 60, wherein P is a polyethylene 
glycol having the structure of Formula II: 

Formula II: 
E-(0-CH2CH2)a-^ 

wherein £ is hydrogen, a straight- or branched-chain Ci to C20 all^l gioiq), or a 
detectable label; and a is an integer from 4 to 10,000. 

63. The activated polyalkylene glycol polymer of claim 62, wherein E is methyl. 

64. The activated polyalkylene glycol polymer of claim 60, wherein P is a polyethylene 
gjycol having the structure of Formula n: 

Formula II: 

E-(0-CH2CH2)a-^ 

wherem E is a moiety suitable for forming a bond between &e coippound of Foimula X 
and a biologicaHy-active compound or precursor thereof and a is an integer from 4 to 10,000. 

65. The activated polyalkylene glycol polymer of claim 64 wherein E is chosen from Ifae 
group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, 
protected hydroxy, carbonate, alkenyl, aciylate, mediaciylate, actylamide, substituted or 
unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo*N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

66. The activated polyalkylene glycol polymer of claim 64 wherein E has the structure 
according to Formula III: 
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Fonnulain 

R« HC— (CH2)5 00— Q X—CW2CW2 

Z 

wheiein P is a polyalkylene glycol polymer, 

X and Y are independently O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or NR'; 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 
or unsubstituted aryl or heteroaiyl group, or a substituted or unsubstituted alkaiyl wherein flie 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein (he 
substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, thiofonnate, alkoxyl, 
phosphoryl, phosphonate^ phosphinate, amino, amido, amidine, imine, cyano, nilio, azido, 
sulfhydryl, sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaiomatic moiety, imino, silyl, efiher, and alkylthio; 

R* and each Z are independently as described above; 

misOorl; 

each W is, independently, hydrogen or a Ci to C7 alkyl; 
each n is independently 0 or an integer from 1 to S; and 

R" is a moiety siiftable for forming a bond between the compound of Formula m and a 
biologjcally-active compound or precursor fliereof . 

67. The activated polyalkylene glycol polymer of clami 64 wherein E has fee structure 
according to Formula IV: 

Formula IV 

R- ^HC— (CH2)h CW2CW2 

Z 

wherein each X, Z and n are, independently, as defuied; 
each W is, independently, hydrogen or a Ci to C7 alkyl; and 

R"' is a moiety suitable for forming a bond between the compound of Formula IV and 
a biologically-active compound or precursor fliereof. 

68. The activated polyalkylene glycol polymer according to claim 66 wherein R" is chosen 
from the group consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, melhaciylate, aciylamide, substituted 
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or unsubstituted fliiol, halogen, substituted or unsubstituted amme, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isofliiocyanate, difhiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleunide, sulfone, allyl, viiQrlsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

69. The activated polyallgrlene glycol polymer according to claim 67 wherein R'" is 
chosen ftom the group consisting of caibojQrlic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

70. The activated polyalkylene glycol polymer according to claim 62 wherein E is a 
detectable label. 

71. The activated polyalkylene glycol polymer according to claim 69 wherein E is selected 
from the group consisting of radioactive isotopes, fluorescent moieties, phosphorescent 
moieties, chemiluminescent moieties, and quantum dots. 

72. The activated polyalkylene glycol polymer according to claim 60 having the stmctuie 
according to Formula XI: 



wherem P is a polyallQrlene gjycol polymer, and 

n and Z are as defined. 
73. The activated polyalkylene glycol of claim 62 having Are structure according to 
Formula Xn: 



Formula XI: 



o 



P 0 (CH2)b- 




z 
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FoimulaXIL 



0 



CH3 (OCH2CH2)aO (CH2)n- 




H 



z 



wherein n, a, and Z are as defined. 

74. The activated polyalkylene glycol polymer of claim 73, wherein Z is methyl. 

75. The activated polyalkylene glycol polymer of claim 73 wherein n is one. 

76. An activated polyalkylene glycol polymer of having the structure according to Formula 
Xffl: 



wherein ai is an integer fixOTi 4 to 10,000. 

77. A composition comprising the activated polyalkylene glycol polymer of claim 1 and a 
biologically-active compound or precursor thereof. 

78. The composition of claim 77, wherein flie biologically-active compound or precursor 
fliereof is chosen ftom the group consisting of a peptide, peptide analog, proteixi, enzyme, 
small molecule, djye, lipid, nucleoside, oligonucleotide, oligonucleotide analog, sugar, 
oligosaccharide, cell, virus, liposome, miooparticle, surfiice, and a micelle. 

79. A composition comprising the activated polyalkylene glycol polymer of claim 48 and a 
biologically-active compound or precursor thereof. 

80. The composition of claim 79, wherein the biologically-active compound or precursor 
thereof is chosen fiom flie group consisting of a peptide, peptide analog, protein, enzyme, 
small molecule, dye, lipid, nucleoside, oligonucleotide, oligonucleotide analog, sugar, 
oligosaccharide, cell, virus, liposome, microparticle, surface, and a micelle. 

81 . A composition having the structure according to Formula XIV: 

Formula XIV: 

160 
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•z'- 

p-x-^cHz)r-Q-(Y)jr-(CH2)„- -c- (chj^-r— b 

Lz Jp 

wherein P is a polyalkylene glycol polymer, 

X and Y are independently 0, S, CO, CO2, COS, SO, SO2, CONR% SQ2NR% orNR'; 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 
or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted aBcaryl wherein the 
alkyl is a C| to C20 saturated or unsaturated alkyl or.heteroalkaryl group, wherein the 
substituents are selected ftom the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, fonnyl, acyl, tiiiocaibonyl, fluoester, thioacetate, fliiofoimate, alkoxyl, 
phosphoiyl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
suHhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, immo, silyl, ether, and alkylthio; 

each R', Z, and Z' is independently hydrogen, a straight- or branched-chain, saturated 
or unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic 
alkyl or cyclic heteroaDcyU a substituted or unsubstituted aryl or heteroaryl group or a 
substituted or unsubstituted alkaryl wherein the alkyl is a Cj to C20 saturated or unsaturated 
alkyl or heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, thiocaibonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, eflier, and 
alkylthio; 

R* is a linking moiety; 

B is a biologically-active compound or precursor thereof 
misOorl; 

each n is independently 0 or an integer from 1 to 5 ; and 
pis 1,2, or 3. 

82. The composition of claim 81, wherein R* is formed from the reaction of a moiety 
selected from the group consisting of carboxylic add, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, lydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyndine. 
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iodoacetamide, q)oxide» hydroxysucciniinidyl, azole, maleimide, sulfone, aUyl, vhylsulfone, 
tresyl, sulfo^^-succinixnidyl, dione, mesyl, tosyl, and glyoxal with a biologically-active 
compound or precuisor flieieof . 

83. The composition of claim 81, wherein P is a polyethylene glycol having the stnictuie of 
Fonnnlall: 

Formula H: 

E-{0-CH2CH2)a-^ 

wherem E is hydrogen, a straight- or branched-chain C\ to C20 alkyl group, or a 
detectable label; and a is an integer fiom 4 to 10,000. 

84. The composition ofclaim 83, wherein E is methyl. 

85. The composition ofclaim 81, wherein P is a polyefliylene glycol having the structure of 
Formula 11: 

Formula n: 

E-(0-CH2CH2)a-^ 

wherem E is a moiety suitable for forming a bond between the compound of Formula 
XIV and a biologically-active compound or precursor thereof and a is an integer from 4 to 
10,000. 

86. The composition ofclaim 85, wherein E forms a bond to another biologically-active 
compound, B. 

87. The composition ofclaim 85, wherem E forms a bond to a biologically-active 
compound other than B. 

88. The composition of claim 85, wherein E forms an additional bond to the biologically- 
active compound, B. 

89. The composition of clahn 85 wherem E is chosen from the group consisting of 
caAoxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, 
carbonate, alkenyl, aciylate, methaciylate, acrylamide, substituted or unsubstituted thiol, 
halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected hydrazide, 
succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, 
epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, me^l, tosyl, and glyoxal. 
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90. The ccmiposition of claim 85 wherein E has fiie stnicture according to Formula HI: 

Formula m 

R" HC— (CH2)j— (Y)^ Q ^X— CW2CW2 

Z , 
wherein each Q, X, Y, Z, m, and n are, independently, as defined; 
each W is, independently, hydrogen of a Ci to C? alkyl; and 

R'Ms a moiety suitable for forming a bond between the compound of Formula DI and a 
biologically-active compound or precursor thereof. 

91 . The composition of claim 85 wherein E has the structure according to Formula IV: 

Formula IV 

R-' ^HC — (CHjfe CW2CW2 

wherein each X, Z and n are, independently, as defined; 
each W is, independently, hydrogen or a Ci to C7 alkyl; and 

R'" is a moiety suitable for forming a bond between the compound of Formula IV and 
a biologically-active compound or precursor thereof. 

92. The composition accordmg to claim 90 wherein R" is chosen from the group 
consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acelal, hydroTcy, protected 
hydroxy, carbonate, alkenyl, acrylate, metbacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted aihine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocryanate, isothiocyanate, ditfaiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

93. The composition according to claim 91 wherein R"' is chosen fcom the group 
consisting of carboxylic add, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

94. The composition according to claim 83 wherein E is a detectable label. 
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95. Hie composition according to claim 94 wherein E is selected from the group consisting 
of radioactive isotopes, fluorescent moieties, phosphorescent moieties, chemfluminescent 
moieties, and quantum dots. 

96. The activated polyalkylene glycol polymer according to claim 81 wherein Q is a 
substituted or unsubstituted alkaryl. 

97. A composition having the structure according to Formula XlVa: 

Formula XT/a: 

P Q (Y)5r-(CH2)ii-CH— R*— B 

Z 

wherein P is a polyalkylene glycol polymer; 

X and Y are independently O, S. CO, CO2, COS, SO, SOj, CONR', SO2NR'. or NR'; 
Q is a C3 to Cg saturated or unsaturated cyclic allqrl or cyclic heteroallcyl, a substituted 
or unsubstituted aiyl or heteroaryl group, or a substituted or unsubstituted alkaryl wherein the 
allqrl is a C| to C20 saturated or unsaturated alkyl or heteroalkaryl groiip, wherein flie 
substituents are selected fioih the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, fliiocaibonyl, tiiioester, thioacetate, tbiofonnate, aUcoxyl, 
phosphoiyl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
suMhydryl, sulfate, sulfonate, sulfamoyl. sulfonamido, sulfonyl. heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

each R' and Z is independentiy hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, Cj to Cg saturated or unsaturited cycUc alkyl 
. or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein tiie alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein die substituents are selected from Ae ffoap consisting of 
halogen, hydroxyl, caibonyl, carboxylate, ester, formyl, acyl, fluocarbonyl, tWoester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosplmate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfliydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, alyl, etiier, and 
alltyllliio; 

K* is a linldng moiety; 

B is a biologicaHy-active compound or precursor thereof, 

mis 0 or 1; and 

n is 0 or an integer from 1 to 5. 
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98. The composition of claim 97, wherein R* is fonned fipom fte leaction of a moiety 
selected fiom the group consisting of carboxylic acid, ester, aldehyde, aldehyde l^rdrate, acetal, 
hydroxy, protected hydroxy, carbonate, aBcenyl, acrylate, methacrylate, aciylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vmylpyridine, 
iodoacetamide, qx>xide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tiesyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal with a biologically-active 
compound or precursor thereof. 

99. The composition of claim 97, wheiem P is a polyethylene glycol having the stracture of 
Foimula 11: 

Foimulall: 
E-(0-CH2CH2)a-^ 

wherein £ is hydrogen, a straight- or branched-chain Ci to C20 alkyl group, or a 
detectable label; and a is an integer fiom 4 to 10,000. 

100. The composition of claim 99, wherein E is methyl. 

101. The composition of claim 97, wherein P is a polyethylene glycol having the structure of 
Fonnulall: 

Formula n: 
E-(0-CH2CH2)a-, 

wherein E is a moiety suitable for forming a bond between the compound of Formula 
XIV and a biologically-active compound or precursor tiiereof and a is an integer fiom 4 to 
10,000. 

102. The composition of claim 101, wherein E forms a bond to another biologically-active 
compound, B. 

103. The composition of claim 101, wherein E forms a bond to a biologicaQy-active 
compound other fhan B. 

104. The composition of claim 101, wherein E forms an additional bond to the biologically- 
active compound, B. 

105. The composition of claim 101 wherein E is chosen from tiie group consisting of 
carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy. 
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caibonate, aDcenyl, aciylate, methaciylate, aciylamide, substituted or unsubstituted thiol, 
halogen, substituted or unsubstituted amine, protected amine, l^drazide, protected hydTa2dde, 
succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vir^lpyridine, iodoacetamide, 
epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, aflyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

106. The composition of claim 101 wherem E has the structure according to Formula HI: 

Fomiula IK 

R" HC— (CH2)5 (Y)„ Q ^X— CW2CW2 

Z 

wherein each Q, X, Y, Z, m, and n are, mdependently, as defined; 
each W is, independenfly, hydrogen or a Ci to C7 aD^rl; and 

R" is a moiety suitable for fonnmg a bond between the compound of Formula III and a 
biologically-active compound or precursor thereof. 

107. The composition of claim 101 wherein E has the structure according to Formula IV: 

Fomnila IV 

BT HC— (CH2)S X CW2CW2 

Z 

wherein each X, Z and n are, independently, as defined; 
each W is, independently, hydrogen or a Ci to C? alkyl; and 

R'** is a moiety suitable for forming a bond between the compound of Foimula IV and 
a biologjcally-active compound or precursor thereofl 

108. The composition according to claim 106 wherem R" is chosen firom the group 
consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, caibonate, alkenyl, aciylate, mefliacrylate, aciylamide, substituted or unsubstituted 
diiol, halogen, substituted or unsubstituted amme, protected amine, hydrazide, protected 
hydiazide, succinimidyl, isocyanate, iso^ocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinnnidyl, dione, mesyl, tosyl, and glyoxal. 

109. The composition according to claim 106 wherein R'" is chosen from the group 
consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydro^qr, protected 
hydroxy, carbonate, alkenyl, aciylate, methaciylate, aciylamide, substituted or unsubstituted 
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thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocyanate, isotUocyanate, diflriopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

1 10. The composition according to claim 99 wherein E is a detectable label 

111. The composition according to claim 1 10 wherein E is selected from the group 
consisting of radioactive isotopes, fluorescent moieties, phosphorescent mdeties, 
chemiluminescent moieties, and quantum dots. 

1 1 2. The activated polyalkylene glycol polymer according to claim 97 wherein Q is a 
substituted or unsubstituted alkaryl. 

1 13. A composition having the structure according to Formula XV: 

Formula XV 




T2 (Y)5— (CH2)r-CH-— R» 

Z 



wherein P is a polyalkylene glycol polymer, 

X and Y are mdependently 0, S, CO, CO2, COS, SO, SCh, CONR\ SO^NR', or MR'; 

Ti and T2 are, mdependently, absent, or a straight- or braiwhed-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroaBqrl group, a C3 to Cg saturated or unsaturated cyclic dSkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaiyl group, or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consistmg of 
halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 
thioacetate, fliioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine. cyano, nitro, azido, sulfhydryl, sulfite, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, araDcyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
all^lthio; 

each R* and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
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beteroalkaiyl group, wherein the substhuents axe selected fiom the group consisting of 
halogen, faydxoxyl, cafbonyl, caiboxylate, ester, fonnyl, acyl, thiocarbonyl, thioester, 
thioacetate, thiofonnate, aOcoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, suUhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocycly], aialkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, eth^, and 
alkyltfaio; 

each L is, independently, a straight- or branched-cbain, saturated or unsaturated C| to 
C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubsdtuted aryl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
beteroalkaiyl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, catbonyl, caiboxylate, ester, formyl, acyl, thiocaxbonyl, thioester, 
thioacetate, thiofonnate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfiate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl,,aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio; 

R* is a linking moiety; 

B is a biologically-active compound or precursor thereof; 
misOorl; 

dis 0 or anintegerfrom 1 to4; and 
nisOor an integer from 1 to 5. 

1 14. The composition of claim 1 13, wherein R* is formed from the reaction of a moiety 
selected from the group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal with a biologically-active 
compound or precursor thereof 

115. The composition of claim 113, wherein P is a polyethylene glycol having the structure 
of Formula II: 

Foroiula 11: 
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E-(0-CH2CH2)a-, 

wherein E is hydrogen, a straight- or branched-chain Ci to C20 alkyl group, or a 
detectable label; and a is an integer from 4 to 10,000. 

1 16. The activated polyalkylene glycol polymer of claim 115, wherein E is methyl. 

117. The composition of claim 1 13, wherein P is a polyethylene glycol having the structure 
of Formula U: 

Formula H: 
E-(0-CH2CH2)a- 

wherein E is a moiety suitable for forming a bond between the compound of Formula 
XV and a biologically-active compound or precursor thereof and a is an integer from 4 to 
10,000. 

118. The composition of claim 1 1 7 wherein E is chosen from the group consisting of 
caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, 
carbonate, alkenyl, acrylate, methaciylate, acrylamide, substituted or unsubstituted thiol, 
halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected hydrazide, 
succinimicfyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, 
epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

1 19. The composition of claim 117 wherein E has the stmcture according to: 

Formula in 

R" BC—{Ca^ 00m Q ^X— CW2CW2 — 

Z 

wherein Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a 
substituted or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted alkaryl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or hetefoalkaiyl group, wherem 
the substitUCTts are selected from die group consisting of halogen, hydroxyl, carbonyl, 
caiboxylate, ester, formyl, acyl, thiocaibonyl, fhioester, thioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; , 
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each X, Y, Z, m, and n arc, independently, as defined; 
each W is, independently, hydrogen or a Ci to C7 alkyU and 

R" is a moiety suitable for fonning a bond between the compound of Foraiula m and a 
biologically-active compound or precursor thereof. 

120. The composition of claim 1 17 wherein E has the structure according to Formula IV: 

Formula IV 

R- HC— (CH2)5 CW2CW2 

Z 

wherein X, Z and n are as defined; 

each W is, independently, hydrogen or a Ci to C? alkyl; and 

R"' is a moiety suitable for fonning a bond between the compound of Formula IV and 
a biologically-active compound or precursor thereof. 

121. The composition according to clafan 119 wherein R" is chosen from the group 
consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylanude, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amme, protected amine, hydrazide, protected 
hydiaade, succinimidyl, isocyanate, isothiocyanate, difliiopyridme, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succimmidyl, dione, mesyl, tosyl, and glyoxal. 

122. The composition according to claim 120 wherein R"' is chosen from the group 
consistmg of cafboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate. methacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succimmidyl, isocyanate, isothiocyanate, dilhiopyridme, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleunide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succmimidyl, dione, mesyl, tosyl, and gjyoxal. 

123. The composition accordmg to claim 1 1 5 wherein E is a detectable label. 

124. The a composition according to claim 123 wherein E is selected from the group 
consisting of radioactive isotopes, fluorescent moieties, phosphorescent moieties, 
chemiluminescent moieties, and quantum dots. 

125. A composition havmg the structure according to Formula XVI: 
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whetein P is a polyalkylene glycol polymen 

X and Y are independently O, S, CO, CQz, COS, SO, SQz, CONR*, SQzNR', or NR'; 

T) and T2 aie, independently, absent, or a straight- or branched-chain, saturated or 
unsaturated Ci to CzoaOcyl or heteroalkyl group; 

each R' and Z is independently hydrogen^ a straight- or branched-chain, satunited or 
unsaturated Ci to C20 alkyl or heteroall^l group; 

each L is, indqpendently, a straight- or branched-chain, saturated or unsaturated Ci to 
C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein &e substituents are selected from the group consisting of 
halogen, hydroxy!, caibonyl, carboxylate, ester, foimyl, acyl, thiocarbonyl, thioester, 
thioacetate, thiofonnate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitio, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio; 

R'^ is a linking moiety; 

B is a biologically-active molecule. 

misOor 1; 

d is 0 or an integer from 1 to 4; and 
n is 0 or an integer fiom 1 toS. 

126. The composition according to claim 125, wherein R"** is methylene group and B is a 
biologically-active molecule comprising an amino group, wherein the methylene group forms a 
bond with the amino group on B. 

127. The composition of claim 126, wherein the amine selected from the group consisting of 
the amino terminus of a peptide, an amine of an amino acid side chain of a peptide, and an 
amine of a glycosylation substituent of a glycosylated peptide. 
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128. The composition of claim 127, wherein the amine is the amino tenninus of a peptide. 

129. The composition of claim 128 wherein the peptide is mterferon. 

130. The composition of claim 129, wherein (he interferon is interferon-beta. 

13L The composition of claim 130, wherein the interferon-beta is interferon-beta-la. 
132. The composition according to claim 125, having the structure according to Formula 

xvn: 



Formula XVn: 

Z 




wherein P is a polyalkylene glycol polymer, 

Z is hydrogen, a straight- or branchedK5hain, saturated or unsaturated 

heteroall^l group; 

R*isalirikingmoiet}r, 

B is a biologically-actrve molecule; and 

nisOoranintegerfroml to5. 

133. The composition of claim 132, wherein R* is methylene and B is a biologicafly-active 
molecule attached via an amine. 

134. The composition of claim 133, wherein fbs amine is the amino terminus of a peptide. 

135. The composition of claim 134 wherein the peptide is interferon. 

136. The composition of claim 135 wherein (he peptide is interferon-beta. 

137. The composition of claim 136, wherein the interferon-beta is interferon-beta-la- 

138. The composition according to claim 125, having flie structure according to Formula 
XVffl: 

Formula XVIII: 
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(CH2)a— R* B 



wherein P is a polyaftylene glycol polymer; 
R'^ is a linldxig moiety; 
B is a biologically-active molecule; and 
and n is one or two. 

1 39. The composition of claim 138, wherein R* is methylene and B is a biologically-active 
molecule attached via an amine. 

140. The composition of claim 139, whcxeia the amine is the amino temiinus of a peptide. 

141. The composition of claim 140, wherein the peptide is interferon. 

142. The composition of claim 141, wherein the interferon-beta is interfeion-beta-la. 

1 43. The composition of claim 125, wherein P is a polyethylene glycol having the structure 
of Formula 11: 

Formula II: 
E-(0-CH2CH2)a-^ 

wherein E is hydrogen, a straight- ot branched-chain Ci to C20 alkyl group, a detectable 
label, or a moiety suitable for fanning a bond between the compound of Formula XVI and a 
biologically-active compound or precursor thereof and a is an integer from 4 to 10,000. 

144. The composition of claim 143, wherein B is methyl. 

145. The composition according to claim 125, having the structure according to Formula 
XDC 

Formula XIX: 

O (CH2)n — CH — R* 

\ 

Z B 
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wherein P is a polyalkylene glycol polymen 
each n and u aie, independently, zero or an integer from one to five; 
Z is hydiogen, a stcaigjbt- or bianched^^hain, saturated or unsaturated Ci to C20 alkyl or 
heteroalkyl group; 

R* is a linking moiety; and 

B is a biologically-active molecule. 

146. The composition of claim 14S, wherein K* is methylene and B is a biologically-active 
molecule attached via an amine. 

147. The composition of claim 146, wherein the amine is the amino terminus of a peptide. 

148. The composition of claim 147, wherein the peptide is interferon. 

149. The composition of claim 148, wherein the interfeion-beta is interferon-beta-la. 

150. The composition of claim 143, wherein E is chosen 60m the group consisting of 
carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, 
carbonate, alkenyl, acrylate, melhacrylate, acrylamide, substituted or unsubstituted thiol, 
halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected hydrazide, 
succinimidyl, isocyanate, isothiocyanate, dithiopyiidine, vinylpyridine, iodoacetamide, 
epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

151. The composition of claim 143 wherem E has the structure according to Formula m: 

Formula m 

R" HC— (CHjXr 00m Q ^X— CW2CW2 — 



wherein Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a 
substituted or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted alkaryl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein 
the substituents are selected fix)m the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamide, sulfonyl, heterocyclyl, aralkyl, aromatic 
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moiety, heteroaiomatic moiety, imino, silyl, ether, and alkyltbio; each X, Y, Z, m, and n are, 
independently, as defined; 

each W is, independently, hydrogen or a Ci to C7 aDcyl; and 

R" is a moiety suitable for forming a bond between the compomid of Formula III and a 
biologically-active compound or precursor thereof. 

152. The composition of claim 143 wherein E has flie stracture according to Fomiula IV: 

Formula IV 

R- HC — (CH2)5 X CW2CW2 

Z 

wherein X, Z and n are as defined ; 

each W is, independently, hydrogen or a Ci to C? alkyl; and 

R"' is a moiety suitable for forming a bond between fte compound of Fomiula IV and 
a biolo^cally-active compound or precursor thereof. 

153. The composition according to claim 151 wherein R" is chosen firom the group 
consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydio?^, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydiazide, protected 
hydiazide, succinimidyl, isocyanate, isothiocyanate, ditfaiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydnxxysuccinimidyl, azole, maldmide, sulfone, allyl, vinylsulfone, 
tiesyl, sulfo-N-succintmidyl, dione, mesyl, tosyl, and glyoxal. 

154. The composition accprding to claim 152 wherein R'" is chosen fiom the group 
consisting of caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimi^l, isocyanate, isothiocyanate, dithiopyridine, visylpyridme, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

155. The composition according to claim 143 wherein E is a detectable label. 

1 56. The a composition according to claim 1 55 wherein E is selected fix>m the group 
consisting of radioactive isotopes, fluorescent moieties, phosphorescent moieties, 
chemiluminescent moieties, and quantum dots. 
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1 57. A coinpositio& according to Formula XX: 

Formula XX: 

X 

B^R^*CjH-(CT2)rCY),rQ-X-€W2^^^ 
wherein 

each X and Y is independently O, S, CO, CO2, COS, SO, SO2, CONR\ S02NR% or 

Ti and T2 are, independently, absent, or a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group; 

each R' and Z is independently hydrogen, a straight- or branched-cham, saturated or 
unsaturated Ci to C20 al]^! or heteroalkyl group; 

each L is, independently, a straight- or braiiched-chai|fi, saturated or unsaturated Ci to 
C20 all^l or heteroall^l group, C3 to C% saturated or unsaturated cyclic aQcyl or cyclic 
heteroalkyl, a substituted or unsubstituted aiyl or heteroaxyl group or a substituted or 
unsubstituted alkaryl wherein flie alkyl is a Ci to C20 saturated or unsaturated all^l or 
heteroalkatyl group, wherein the substituents are selected fiom the group consisting of 
halogen, faydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, thiocarboiQ^l, thioester, 
thioacetate, thiofonnate, aOcoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfliydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio; 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 
or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted aBcaiyl wherein the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaiyl group, wherein the 
substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, fliioformate, alkoxyl, 
phosphory], phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, eflier, and alkylthio; 

each W is, independently, hydrogen or a Ci to G7 alkyl; 

R* and R** are independently linking moieties; 
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B and B' are independently biologically-active molecules; 
misOorl; 

d is 0 or an integer fiom 1 to4; 
a is an integer from 4 to 10»000; and 
n is 0 or an integerfiom 1 to S. 

158. The composition of claim 157, wherein B and B' are the same biologically-active 
molecule. 

1 59. The composition of claim 1 57, wherein B and B' are different biologically-active 
molecules. 

1 60. A composition according to Formula XXI: 



unsaturated C] to C20 alkyl or heteroalkyl group; 

each R' and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group; 

each L is, independently, a straight- or branched-chain, saturated or unsaturated Ci to 
C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a C\ to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, edier, and 
alkylthio; 

each W is, independenfly, hydrogen or a Ci to C7 allqrl; 
R* and R** are independently a linking moiety; 



Formula XXI: 



Z 




wherein 



X and Y are independenfly O, S, CO, 002, COS, SO, SO2, CONR\ SQ2NR% or NR*; 
T| and T2 are, independently, absent, or a straight-, or branched-chain, saturated or 
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B and B*^ are independently a biologically-active molecule. 
misOor 1; 

d is 0 or an integer from 1 to4; 
a is an integer from 4 to 10,000; and 
nisOoranintegerfioml toS. 

161. The composition of claim 160, wherein B and B' are the same biolo^cally-active 
molecule. 

1 62. The composition of claim 160, wherein B and B' are different biologically-active 
molecules. 

163. A composition having the structure according to Formula XXQ: 



wherein P is a polyalkylene glycol polymer 

X is 0, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', orNR*; 

R' is hydrogen, a straight- or branched-chain, saturated or unsaturated d to Czoalkyl or 
heteroalkyl group, C3 to C% saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a 
substituted or unsubstituted aiyl or heteroaryl group or a substituted or unsubstituted alkaiyl 
wherein the alkyl is a C\ to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein 
tiie substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, fliioacetate, thiofoimate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

each Z and Z' is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aiyl or heteroaryl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, thiocarbonyl, thioester, 
Ihioacetate, thioformate, alko^^l, phosphoryl, phosphonate, phosphinate, amino, amido,- 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 



Formula XXm 



r z'l 



P— X- 



:cH2)ir-c — (CH2)— R* — 
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snlfonyl. heteiocyclyl. aralkyl. aromatic moiety, heteroaromatic moiety, imiiio. silyl. ether, and 
alkylthio. provided that at least one Z or T is not hydrogen; 

R* is a linking moie^, 

B is a biologically-active molecule; 

each n is 0 or an integer fitom 1 to 5; and 

pisl,2,.or3. 

164. nie composition of claim 163, wherein R* is formed fix)m Ihe reaction of a moiety 
selected ftom &e group consistmg of carboxyUc add, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl. aciylate, methacrylate, acrylamide, substituted 
or unsubstitated fliiol. halogen, substituted or unsubstituted amine, protected amine, hydiazide, 
protected hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine. 
iodoacetamide. epoxide, hydroxysnccinimidyl, azole. maleimide, sulfone. allyl, vinylsulfone. 
tresyl, sulfb-N-succinimidyl. dione, mesyl, tosyl. and glyoxal with a biologically-active 
ccnnpound or precursor thereof. 

165. Tbe composition of claim 163, wherein Pis a polyethylene glycol having the structure 
of Formula n: 

Formula]!: 
E-CO-CHjCHj),-^ 

wherein E is hydrogen, a straight- or branched-chain Ci to C20 alkyl group, or a 
detectable label; and a is an integer from 4 to 10.000. 

166. The composition of claim 165, wherein E is methyl. 

167. TTie composition of claim 163, wherein P is a polyethylene glycol having the structure 
of Formula n: 

Formula n: 

E-(0-CH2CH2)a-^ 

wherein E is a moiety suitable for forming a bond between the compound of Formula H 
and a biologically-active compound or precursor thereof and a is an integer fiom 4 to 10,000. 

168. The composition of claim 167, wheremE binds and a biologically-active compound or 
precursor thereof oflwr flian B. 



179 



wo 03/061577 



PCT/OS03/01559 



169. The composition of claim 167, wherein E foims an additional bond to the biologically- 
active compound B. 

170. The composition of claim 167, wherein E is chosen ftom flie group consisting of 
caiboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, 
carbonate, alkenyl. aciylate. mefliaciylate, aciylamide, substituted or unsubstituted thiol, 
halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected hydrazide, 
succinimidyl, isocyanate, isofliiocyanate, difliiopyridine, vmylpytidine, iodoacelamide, 
epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl. vinylsulfone. tresyl, sulfo-N- 
succinimidyl, dione, me^I, tosyl, and glyoxal. 

171. Hie composition of claim 167, wherein E has flie structure acconiing to Formula ffl: 

Formula m 

R" ^HC— (CH2)5 (Y)„— Q— X— CW2CW2 

Z 

wherein P is a polyaO^Iene glycol polymer; 

each X and Y is independenfly O, S, CO, CO2, COS, SO, SOj, CONR', SO2NR', or 

NR*; 

Q is a C3 to Cg saturated or unsaturated cyclic eSkyl m cyclic heteroalkyl. a substituted 
orunsubstitutedaryl or heteroaiyl group, or a substituted or unsubstituted alkaryl wherein tiie 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein fee 
substitnents are selected from flie group consisting of halogen, hydroxyl, caibonyl, 
caiboxylate, ester, fonnyl. acyl, fliiocarbonyl, tiiioester, fliioacetate, fliiofoimate, alkoxyl, 
phosphoryl. phosphonate. phosphinate, amino, amido, amidine, imine, cyano, nitro. azido, 
sulfhydryl. sulfate, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heterocyclyl, andkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, eflier, and alkylthio; 

R' and each Z are independently as described above; 

misOor 1; 

each n is independently 0 or an integer from 1 to 5; 

R" is a moiety suitable for forming a bond between the compound of Formula ffl and a 
biolo^cally-active compound or precursor thereof; and 

each W is, independently, hydrogen or a Ci to C7 alkyl. 
172. The composition of claim 167 wherein E has die structure according to Formula IV: 

Formula IV 
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R« ^c—{CH^ X CW2CW2 

Z 

wherein each X, Z and n are, independently, as defined; 
each W is, independently, hydrogen or a C| to C? alkyl; and 

R"' is a moiety suitable for forming a bond between the compound of Formula IV and 
a biologically-active compoimd or precursor thereof. 

173. The composition according to claim 171, wherein R** is chosen from the group 
consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, ally], vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

174. The composition according to claim 172, wherein R'" is chosen from the group 
consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone, 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and gjyoxal. 

175. The composition according to claim 165, wherein E is a detectable label. 

1 76. The composition according to claim 175, wherein £ is selected from the group 
consisting of radioactive isotopes, fluorescent moieties, phosphorescent moieties, 
chemiluminescent moieties and quantum dots. 

177. The composition of claim 163, wherein R* is methylene and B is a biologically-active 
molecule attached via an amine. 

1 78. The composition of claim 1 77, wherein the amine is the amino tenninus of a peptide. 

179. The composition of claim 178, wherein the peptide is interferon. 

1 80. The composition of claim 179, wherein the peptide is interferon-beta. 

181. The composition of claim 1 80, wherein the interferon-beta is mterferon-beta-1 a. 

1 82. A composition having the structure according to Formula XXIIa: 
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Fomula XXIIa: 
P (CHjX, CH— R' B 

Z 

wherein P is a polyalkylene glycol polymer, 

X is O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or NR'; 

R' is hydrogen, a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or 
heteioalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a 
substituted or unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaiyl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein 
flie substituents are selected from the group consisting of halogen, hydroxyl, caibonyl, 
caiboxylate, ester, formyl, acyl, thiocaibonyl, thioester, thidacetate, Ouoformate, alkoxyl, 
phosphoiyl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamide, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, elfaer, and alkylthio; 

Z is a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or heteroalkyl 
groiq>, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroall^l, a substituted or 
unsubstituted aryl or heteroaryl group or a substituted or unsubstituted alkaryl wherein the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein the 
substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, formyl, acyl, thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamide, sulfonyl, heterocyclyl, arallg^l, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

R* is a linking moiety; 

B is a biologically-active molecule, and 

n is 0 or an integer from 1 to 5. 

183. The composition of claim 182, wherein R* is formed from the reaction of a moiety 
selected from the group consisting of carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, 
hydroxy, protected hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted 
or unsubstituted thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, 
protected hydra2dde, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyiidine, 
iodoacetamide, epoxide, hydroxysuccinimidyl, azole, maleimide, sulfone, allyl, vinylsulfone. 
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trcsy!, sulfo-N-succininiidyl, dione, mesyl, tosyl, and glyoxal with a biologically-active 
compound or precursor thereof. 

184. The composition of claim 182. wherein Pis a polyethylene glycol having the structure 
of Formula H; 

Formula 11: 
E-(0-CH2CH2)a-^ 

wherein E is hydrogen, a straight- or branched-chain Ci to C20 all^l group, or a 
detectable label; and a is an integer fioom 4 to 10,000. 

185. The composition of claim 184, wherein E is methyl. 

186. The composition of claim 182, wherein P is a polyethylene glycol having the structure 
of Formula H: 

Formula H: 
E-((>CH2CH2)a-^ 

wherein E is a moiety suitable for forming a bond between the conqwund of Formula n 
and a biologically-active compound or precursor thereof and a is an integer fiom 4 to 10,000. 

187. The composition of claim 186, wherein E binds and a biologically-active conq)Ound or 
precursor thereof other than B. 

1 88. The composition of claim 1 86, wherein E forms an additional bond to the biologically- 
active compound B. 

1 89. The composition of claim 1 86, wherein E is chosen from the group consisting of 
carboxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected hydroxy, 
carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted thiol, 
halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected hydrazide, 
succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, iodoacetamide, 
epoxide, hydroxysuccinimidyl, azole, malefanide, sulfone, allyl, vinylsulfone, tresyl, sulfo-N- 
succinimidyl, dione, mesyl, tosyl, and glyoxal. 

190. The composition of claim 186, wherein E has the structure according to Formula HI: 

Formula III 
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R" ^HC—CCHj);; OOn — Q — ^X— CW2CW2 — 

Z 

wherein P is a polyalkylene glycol polymer, 

each X and Y is independently O, S, CO, CO2, COS, SO, SO2, CONR', SQzNR', or 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 
or unsuhstituted aryl or heteroaryl group, or a substituted or unsubstituted alkaryl wherein the 
all^l is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein the 
substituents are selected fiom the group consisting of halogen, hydroxyl, caibonyl, 
caiboxylate, ester, foimyl, acyl, fhiocaxbonyl, diioester, ffaioacetate, thiofoimate, alkoxyl, 
phosphoiyl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydiyl, sulfate, sulfonate, sul&moyl, sulfbnamido, sulfonyl, heteiocyclyl, arall^l, aromatic 
moiety, heteroatomatic moiety, imino, silyl, etber, and aOqrlthio; 

R' and each Z are independently as described above; 

m is 0 or 1; 

each n is independently 0 or an integer fiom 1 to 5; 

is a moiety suitable for forming a bond between the compound of Fomiula in and a 
biologically-active compound or precursor thereof; and 

each W is» independently, hydrogen or a C] to C7 alkyl. 

191. The composition of claim 186 whereinE has flie strocture according.to Formula IV: 

Formula IV 

Rm HC— (CH2)s CW2CW2 

wherein each X, Z and n are, independently, as defined; 
each W is^ independently, hydrogen or a Ci to C? alkyl; and 

R'" Is a moiety suitable for forming a bond between the compound of Formula IV and 
a biologicalty-^ctive compound or precursor thereof. 

192. The composition according to claim 190, wherein R'' is chosen fix)m the group 
consistmg of caifooxylic acid, ester, aldehyde, aldehyde hydrate, acetal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted 
tibiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
faydrazide, succinimidyl, isocyanate, isothiocyanate, dithiopyridine, vinylpyridine, 
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iodoacetamide, epoxide, hydroxysuccininiidyl, azole. maleimide, sulfone. allyl. vinylsulfone. 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and gjyoxai. 

193. TTie composition according to claim 191. wherein R'" is chosen from the group 
consisting of caiboxylic add, ester, aldehyde, aldehyde hydrate, acelal, hydroxy, protected 
hydroxy, carbonate, alkenyl, acrylate, methacrylate, acrylamide, substituted or unsubstituted 
thiol, halogen, substituted or unsubstituted amine, protected amine, hydrazide, protected 
hydrazide, succinimidyl. isocyanate, isothiocyanate, dithiopyridine, vinylpyiidine, 
iodoacetomide. epoxide, hydroxysuccininiidyl, azole, maleinride, sulfone, allyl, vinylsulfone. 
tresyl, sulfo-N-succinimidyl, dione, mesyl, tosyl, and glyoxal. 

194. The composition according to claim 184. wheidn E is a detectable label. 

195. TTie composition according to claim 194, wherein E is selected from the group 
consisting of radioactive isotopes, fluorescent moieties, phosphorescent moieties, 

chemilmninescent moieties and quantum dots. 

196. nie composition of claim 182, wherein R* is methylene and B is a biologically-active 
molecule attached via an amine. 

197. The composition of claim 196, wherein the amine is the amino terminus of a peptide, 

198. The composition of claim 197, wherein flie peptide is interferon. 

199. .The composition of claim 198, wherein fl» peptide is interferon-beta. 

200. The composition of claim 1 99, wherein the interferon-beta is interferon-beta-la. 

201. The composition according to claim 182 having the strocture according to Formula 
XXffl: 

Formula XXm: 



R* 

CHaCOCMiCMAO (°*2^ C 



wherein n, a, R* B, and Z are as defined. 

202. The composition of claim 201, wherein Z is methyl and n is one. 

203. A composition according to Formula XXIV: 

Formula XXIV: 
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Z 

B'-R=^Cp-(CH:).— (Y)ri— Q-X-CW2CW2-((>CH2CH2),— X— (CH2)„ 



z > 

wherein 

each X and Y is independently O, S, CO. CO2, COS, SO, SQ2, CONR% SOjNR', or 

NR*; 

each R' and Z is, independently, hydrogen, a straight- orbranched^hain, saturated or 
unsaturated Ci to C20 all^l or heteroaBcyl group; 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 
or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted alkaryl wherem the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherem the 
substituents are selected from the group consisting of halogen, hydroxyl, caibonyl, 
carboxylate, ester, formyl, acyl, thiocaibonyl, thioester, thioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, ammo, amido, amidine, imine, cyano, nitro, azido, 
sulfhydryl, sulfite, sulfonate, sulfemoyl, sulfonamido, sulfonyl, heteiocyclyl, aralkyl, aromatic 
. moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

each W is, independently, hydrogen or a Ci to C7 alkyl; 

R* and R** are independently linking moieties; 

B and B* are independently biologically-active molecules; 

misOor 1; 

a is an integer fiom 4 to 10,000; and 

each n is independently 0 or an integer from I to 5. 

204. The composition of claim 203, wherein B and are the same biologically-active 
molecule. 

205. The composition of claim 203, wherein B and B' arc different biologically-active 
molecules. 

206. A composition according to Formula XXV: 

Formula XXV: 



B._r2-CH— (CH2)r-X— CW2CW2 ((WHzCHj),— X (CH2)n 

z 



z 

B 



186 



wo 03/061577 



PCTAJS03/01559 



wherein 

X is O, S, CO, CO2, COS, SO, SQ2, CONR', SO2NR', or MR'; 
each and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 all^l or heteroalkyl group; 

each W is, independently, hydrogen or a Ci to C7 alkyl; 

R* and R** are independently a linking moiety, 

B and B' are independently a biologically-active molecule; 

a is an integer firom 4 to 10,000; and 

each n is independently 0 or an integer fiom 1 to 5. 

207. The composition of claim 206, wherein B and B' are tiie same biologically-active 
molecule. 

208. The compositiQn of claim 206, wherein B and B' are different biologically-aclive 
molecules. 

. 209. A pharmaceutical composition comprising a composition according to claim 77 and a 
phaimaceutically-acceptable carrier. 

210. A pharmaceutical composition comprising a composition according to claim 79 and a 
pharmaceuticaUy-acceptable carrier. 

211. A pharmaceutical composition comprising a composition according to clahn 81 and a 
pharmaceuticaUy-acceptable carrier. 

212. A pharmaceutical composition coniprising a corq>osition according to claim 1 13 and a 
pharmaceuticaUy-acceptable carrier. 

213. A pharmaceutical composition comprismg a conq)Osition according to claim 125 and a 
pharmaceuticaUy-acceptable carrier. 

214. A phamiaceutical composition conqmsing a composition according to claim 132 and a 
pharmaceuticaUy-acceptable carrier. 

21 5. A pharmaceutical composition comprising a composition according to clahn 157 and a 
pharmaceuticaUy-acceptable carrier. 

216. A phamiaceutical composition comprising a composition according to claim 160 and a 
pharmaceuticaUy-acceptable carrier. 

217. A pharmaceutical composition comprising a composition according to claim 1 63 and a 
pharmaceuticaUy-acceptable carrier. 
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218. A phannaceutical composition comprising a composition according to claim 201 and a 
phamiaceutically-accq>table earner. 

219. A phannaceutical composition comprising a composition according to claim 203 and a 
pharmaceutically-acceptable carrier. 

220. A pharmaceutical composition comprising a composition according to claim 206 and a 
pharmaceutically-acceptable carrier. 

221 . The pharmaceutical composition of any one of claims 209-220, further comprising an 
additional biologically-active agent 

222. The pharmaceutical composition of claim 221, wherein the biologically-active agent is 
chosen from the group consisting of a peptide, peptide analog, protein, enzyme, small 
molecule, dye, lipid, nucleoside, oligonucleotide, oligonucleotide analog, sugar, 
oligosaccharide, cell, virus, liposome, microparticle, surface, and a micelle. 

223. The pharmaceutical composition of claim 222, wherein the biologically-active agent is 
an antiviral agent 

224. A composition comprising the product of the reaction of the compound of claim 1 and a 
biologically-active compound or a precursor thereof. 

225. The composition of claim 222 having the structure according to Formula XIV; 

Formula XIV: 

P ^X Q (yfe-(CH2)— CH— R*— B 

Z 

wherein all variables are as defined; and wherein 

R* is a Uiddng moiety formed by the reaction of R with a reactive moiety on the 
biologically-active compound or precursor thereof; and 

B is a biologically-active compound or precursor fliereof. 

226. A composition comprising flie product of the reaction of the compound of claim 27 and 
a biologically-active compound or a precursor thereof. 

227. The composition of claim 226 having flie structure according to Formula XV: 

Formula XV: 
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—(^ (CH2)5-CH ^R* 

Z 
(L)d 

wherein all variables are as defined; and wherein 

R* is a linking moiety fonned by the reaction of R with a reactive moiety on the 
biologically-active compound or precursor thereof, and 

B is a biologically-active compound or precursor thereof. 
228. The composition of claim 226 haying the structure according to Fonnula XX: 

Formula XX: 



(L)d z 

r^T2— CY)Gr(CH2)/"^ 
B^Rr^C|H— (CH2Xr(Y)„"-Q^X CW2CW2-«M:H2CH2)a-X-Tj 
Z 

wherein all variables are as defined; and wheiein 

each W is, independently, hydrogen or a Ci to C7 alkyl; . 

R* is a linkmg moiety formed by the reaction of R with a reactive moiety on the 
biologically-active compound, B, or precursor ftereof, 

R** is a linking moiety formed by the reaction of R" with a reactive moiety on the 
biologically-active compound, B', or precursor thereof; and 

B and B' are, independently, a biologically-active compound or precursor thereof. 
229. The composition of claim 226 having the stroctuie according to Formula XXI: 

Fonnula XXI: 

(L)d 

r^T2— (Y)5r(CH2Xr 
B^R^CjH— (CT2)n— X— CW^ 

wherein all variables are as defined; and wherein 
each W is, independently, hydrogen or a C\ to C7 alkyl; 
R* is a linking moiety foraied by the reaction of R with a reactive moiety on the 
biologically-active compound, B, or precursor thereof; 



189 



wo 03/061577 PCTAJS03/01559 

R** is a linking moiety formed by the reaction of R'" with a reactive moiety on the 
biologically-active compound, B', or precursor thereof; and 

B and B* are, independently, a biologically-active compound or precursor fliereof. 

230. A composition comprising the product of the reaction of the compound of claim 40 and 
a biologically-active compound or a precursor thereof, 

231 . The composition of claim 230 having the stractuie according to Formula XVI: 



Formula XVI: 

Z 




wherein all variables are as defined; and wherein 

R* is a linkmg moiety formed by the reaction of R wifli a reactive moiety on flie 
biologically-active compound or precursor thereof and 

B is a biologically-active compound or precursor thereof. 

232. A composition comprismg the product of Ae reaction of the compound of claim 41 and 
a biologically-active compound or a precursor tihereof. 

233. The composition of clafan 232 having the structure according to Formula XVII: 



FoimulaXVn: 

Z 




wherein all variables are as defined; and wherein 

R* is a linking moiety formed by the reaction of R with a reactive moiety on flie 
biologically-active compound or precursor fliereof; and 

B is a biologically-active compound or precursor thereof. 

234. A composition comprising the product of the reaction of the compound of claim 42 and 
a biologically-active compound or a precursor thereof. 

235. The composition of claim 234 having the structure according to Formula XVIII: 

Formula XVIII: 

190 



wo 03/061577 



PCT/US03/01559 




\ 
B 



wherein all variables are as defined; and wherein 

R* is a linking moiety formed by the reaction of R with a reactive moiety on the 
biologically-active compound or precursor thereof; and 

B is a biologically-active compound or precursor thereof. 

236. A composition comprising the product of the reaction of the compound of claim 45 and 
a biologically-active compound or a precursor thereof. 

237. The composition of claim 236 having the structure according to Formula XK: 

Formula XDC: 



wherein all variables are as defined; and whereiii 

R* is a linking moiety fomied by the reaction of R wifli a reactive moiety on the 
biologically-active compound or precursor thereof; and 

B is a biologically-active compound or precursor thereof. 

238. A composition comprising the product of the reaction of tiie compound of claim 48 and 
a biologically-active compound or a precursor thereof. 

239. The composition of claim 238 havmg the structure according to Formula XXII: 



wherein all variables are as defined; and wherein 

R* is a linking moiety formed by the reaction of R with a reactive moiety on the 
biologically-active compound or precursor thereof and 

B is a biologically*active compound or precursor thereof. 
240. The composition of claim 238 having the structure according to Formula XXIV: 

Formula XXIV: 




O ;(CH2)n — CH R* 

Z B 



Formula XXII: 



P (CH2)„ CH— R* B 
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B*— I^CH-(CH2)„— (Y)„^Q— X— CW2CW2— 




B 



wherein all variables are as deiBiied; and wherein 

each W is, independently, hydrogen or a Ci to C7 alkyl; 

R* is a linking moiety formed by the reaction of R with a reactive moiety on the 
biologically-active compoimd, B, or precursor thereof; 

R** is a linking moiety formed by the reaction of R" with a reactive moiety on the 
biologically-active compound, B', or precxirsor thereof; and 

B and B* are, independently, a biologically-active compound or precursor thereof. 
241. The composition of claim 238 having the structure according to Formula XXV: 

Formula XXV: 



B^Rr-CH— (CHiX, — ^X— CW2CW2— (O-CHjCHj).— X — (CH2)n 

Z , 
wherein all variables are as defined; and wherein 
each W is, independently, hydrogen or a Ci to C7 alkyl; 
R* is a linking moiety formed by the reaction of R with a reactive moiety on the 
biologically-active compound, B, or precursor tiiereof, 

R** is a linking moiety formed by the reaction of R"' with a reactive moiety on the 
biologjcally-active compound, B*, or precursor thereof; and 

B and B' are, independently, a biologically-active compound or precursor thereof. 

242. A method of treating a patient with a susceptible viral infection, comprising 
administering to tiie patient an effective amount of a composition having Ihe stmcture 
according to Formula XTV: 




Formula XIV: 



p-x-^CH2)— Q-CY)sr-(CH2)ir-c- (CH2)ir-R— B 



wheiein P is a poIyaO^lene glycol polymer; 
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X and Y are independenfly O, S, CO, CO2, COS, SO, SO2, CONR', SQ2NR', or NR*; 

Q is a C3 to Cg saturated or unsaturated cyclic aDq^l or cyclic heteroalkyl (including 
fused bicyclic and bridged bicyclic ring stnictuiesX a substituted or unsubstituted aiyl or 
heteroaryl group, or a substituted or unsubstituted alkaryl wherein the alkyl is a Ci to C20 
saturated or unsaturated alkyl or heteroalkaryl group, wherein the substituents are selected 
fiom the group consisting of halogen, hydroxyl, carbonyl, caiboxylate, ester, formyl, acyl, 
thiocarbonyl, thioester, thioacetate, thioformate, alkoxyl, phosphoiyl, phosphonate, 
phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, 
sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, arallQrl, aromatic moiety, heteroaiomatic 
moiety, imino, silyl, ether, and alkylthio; 

each R', Z and T is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein flie substituents are selected fiom flie group consisting of 
halogen, hydroxyl, carbonyl, carboxylate, ester, fonnyl, acyl, ftiocaibonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocycfyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio; 

R*** is a linking moiety; 

B is a biologically-active compound or precursor thereof; 
m is 0 or 1; 

each n is 0 or an integer from 1 to S; and 
pis 1,2, or 3. 

243. The method of claim 242 wherein B is a biologically-active peptide. 

244. The method of clann 243 wherein B is interferon, 

245. The method of claim 244 wherein B is interferon-beta-la. 

246. The method of claun 242 wherein the composition further comprises a biologically- 
active agent selected fiom the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 

247. The method of claim 246, wherein the antiviral agent is selected from the group 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, 
viramide, VX-497, VX-950, and ISIS-14803. 
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248. The method of claim 242, whetein the viral infection is chronic hepatitis C. 

249. A method of treating a patient with a susceptible viral infection, comprising 
administering to the patient an effective amomit of a composition having ttie stnictme 
according to Foimula XlVa: 

Formula XlVa: 
P Q (Y)5-(CH2)— CH— R*— B 

Z 

wherein P is a polyalkylene glycol polymer, 

X and Y are independently O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or NR'; 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl including 
fused bicyclic and bridged bicyclic ring structures), a substituted or unsubstituted aryl or 
heteroaiyl group, or a substituted or unsubstituted aUcaiyl wherein the alkyl is a Ci to C20 
saturated or unsaturated alkyl or heteroalkaTyl group, wherein the substituents are selected 
from the group consisting of halogen, hydroxyl, caibonyl, carboxylate, ester, fonnyl, acyl, 
ftiocarbonyl, diioester, thioacetate, fliiofoimate, alkoxyl, phosphoiyl, phosphonate, 
phosphinatB, amino, amido, amidine, imine, cyano, nitro, azido, sulfliydiyl, sulfate, sulfonate, 
sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic 
moiety, imino, silyl, ether, and alkylttio; 

each R' and Z is mdependently hydrogen, a straight- or branched-cbain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cs saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a Cj to C20 saturated or unsaturated allgrl or 
heteroalkaiyl group, wherem the substituents are selected fiom the group consisting of 
halogen, hydroxyl, caibonyl, carboxylate, ester, fonnyl, acyl, thiocarbonyl, thioester, 
thioacetate, tluofoimate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, a2ddo, sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, araDtyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
all^lthio; 

R* is a linking moiety; 

B is a biologically-active compound or precursor thereof; 

misOorl;and 

n is 0 or an integer from 1 to 5. 

250. The method of claim 249 wherein B is a biologically-active peptide. 
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25 1 . The method of claim 250 wherem B is inteiferon. 

252. The method of claim 251 wherein B is inteiferon-beta-la. 

253. The method of claim 249 wherein flie composition further comprises a biologically- 
active agent selected from the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a pepddic antiviral. 

254. The mefliod of claim 253, wherein the antiviral agent is selected from the group 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, g^cyclovir, 
viramide, VX-497, VX-950, and ISIS-14803. 

255. The meAod of claim 249, wherein the viral infection is chronic hepatitis C. 

256. A method of treating a patient witii a susceptible viral infection, comprising 
administering to flie patient an efifective amount of a composition having the structure 
according to Formula XV: 

Formula XV: 




wherein P is a polyalkylene glycol polymer, 

X and Y are independentiy O, S, CO, CO2, COS, SO, SO2, CONR', SQzNR'. or NR'; 

Ti and T2 are, independently, absent, or a straight- or branched-chain, saturated or 
unsaturated C , to C20 alkyl or heteroalkyl group, a C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group, or a substituted or 
unsubstituted alkaryl wherein flie alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherem the substituents are selected from flie group consisting of 
halogen, hydroxyl, caibonyl, caiboxylate, ester, fomiyl, acyl, fliiocarbonyl, fliioester, 
fluoacetate, fliiofomiate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfliydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heteiocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, eflier, and 
attylfliio; 

each R' and Z is independentiy hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein flie alkyl is a Ci to C20 saturated or unsaturated alkyl or 
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heteroalkaiyl group, wherein fte subsdtuents are selected fiom the group consistmg of 
halogen, hydroxyl, caibonyl, carboxylate, ester, fonnyl, aoyl, fluocaibonyl, thioester, 
thioacetate, thiofoimate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocycfyl, aiallQrl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylfhio; 

each L is, independently, a straight- or branched-chain, saturated or unsaturated Ci to 
C2oalkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a C| to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected fiom the group consisting of 
halogen, bydroxyl, caibonyl, caiboxylate, ester, formyl, acyl, thiocaibonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoiyl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroatomatic moiety, imino, silyl, ether, and 
eSkylftiio; 

R* is a linking moiety; 

B is a biologjcally-active compound or precursor thereof; 
misOorl; 

d is 0 or an integer fiom 1 to 4; and 
liisOoranintegerfiom 1 toS. 

257. The method of clann 256 wherein B is a biologically-active peptide. 

258. The mediodofclaim 257 wherein Bis interferon. 

259. The me&od of claim 258 wherein B is interferon-beta-1 a. 

260. The method of claim 256 wherein the composition further comprises a biologically- 
active agent selected fiom tiie group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 

261 . The metiiod of claim 260, wherein the antiviral agent is selected fiom tiie group 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, 
viramide^ VX-497, VX-950, and ISIS-14803. 

262. The method of claim 256, wherein the viral infection is chronic hepatitis C. 

263. A method of treating a patient with a susceptible viral infection, comprising 
administering to the patient an effective amount of a composition having the stracture._ 
according to Formula XVI: 
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FonnuIaXVI 




(I')d 



T2— (Y)S~(CH2)„' 



Z 




p — X — r 



wherein P is a polyalkylene glycol polymen 

X and Y are independently O, S, CO, CO2, COS, SO, SO2, CONR', SOzNR*, or NR*; 

Ti and T2 are, independently, absent, or a straight- or branched-chain, saturated or 
unsaturated Ci to C20 allQrl or heteroalkyl group; 

each R' and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group; 

each L is, indq)endently, a straight- or branched-chain, saturated or unsaturated Ci to 
C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic eSkyl or cyclic 
heteroall^l, a substituted or unsubstituted aiyl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a Ci to C20 satui^ated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxy!, carbonyl, carboxylate, ester, fonnyl, acyl, thiocarbonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, ether, and 
alkylthio; 

R* is a linking moiety; 

B is a biologically-active molecule/ 

m is 0 or 1 ; 

disOoranintegerfioml to4;and 
n is 0 or an integer fiom 1 to 5. 

264. The mefliod of claim 263 wherein B is a biologically-active peptide. 

265. The method of claim 264 wherein B is interferon. 

266. The method of claim 265 wherein B is interferon-beta-la. 

267. The method of claim 263 wherein fte composition further comprises a biologically- 
active agent selected from the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 
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268. The method of claim 267» wherein the antiviral agent is selected fiom the gronp 
consisting of ribaviiiii, levovirfn, 3TC, FTC, MB686, zidovudine acyclovir, gancyclovir, 
viramide, VX-497, VX-950, and ISIS-14803. 

269. The method of claim 263, wherein the viral infection is chronic hepatitis C. 

270. A method of treating a patient witii a susceptible viral infection, comprising 
administering to. the patient an effective amount of a conq)osition having the structure 
according to Formula XX: 

Formula XX: 



f% X ... 



B«— I^Cj^-(CH2)„— (YXn--Q— X CW2CW2-(CK:H2CH2)a-X-Tr^ 
Z 



wherein 

each X and Y is independently O, S, CO, CO2, COS, SO, SQ2, CONR', SOzNR^ or 

MR'; 

Ti and T2 are, independently, absent or a straight- or faranched^^hain, saturated or 
unsaturated Ci to C2oalkyl or heteroalkyl group; 

each R' and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated C] to C20 alkyl or heteroalkyl group; 

each W is, independently, hydrogen or a Ci to C? alkyl; 

each L is, independently, a straight- or branched-chain, saturated or unsaturated Ci to 
C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a C] to C20 saturated or unsaturated aD^^l or 
heteroalkaryl group, wherein the substituents are selected from tiie group consisting of 
halogen, hydroxyl, carbonyl, carboxylate, ester, formyl, acyl, thiocaibonyl, thioester, 
thioacetate, thioformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, e&er, and 
alkylthio; 

Q is a C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 
or unsubstituted aryl or heteroaryl.group, or a substituted or unsubstituted alkaryl wherein tiie 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein the 
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substituents are selected fiom the group consisting of halogen, hydroxy!, caibonyl, 
caifooxylate, ester, foimyl, acyl, thiocarbonyl, &ioester, tfaioacetate, thiofoimate, alkoxyU 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfhydiyl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, arall^l, aromatic 
moiety, heteroaromatic moiety, imino, silyl, etiber, and all^ltbio; 

R* and R** are independently linking moieties; 

B and are independently biologically-active molecules; 

misOor 1; 

d is 0 or an integer from 1 to 4; 

a is an integer from 4 to 1 0,000; and 

n is 0 or an integer from 1 to 5. 

27 1 . The method of claim 270 wherein B is a biologically-active peptide. 

272. The method of claim 271 wherein B is interferon. 

273. The method of claim 272 wherein B is interferon-beta-la, 

274. The metiiod of claim 270 whmin die composition iurther comprises a biologically- 
active agent selected fiom the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 

275. The metiiod of claim 274, wherem the antiviral agent is selected from the groiq> 
consisting of ribavirin, levoyirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, 
viiamide, VX.497, VX-950, and ISIS-14803, 

276. The method of claim 270, wherein the viral infection is chronic hepatitis C. 

277. A method of treating a patient with a susceptible viral infection, comprising 
administering to the patient an efTective amount of a composition havmg the structure 
according to Formula XXI: 



Formula XXI: 



B'— R— CjH— (CH2)5 — X— CW2CW2-(0-CH2CH2), 
Z 



-T2— OOc-CCHj),'' 



wherein 

each X and Y is independently O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or 

NR'; 
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Ti and T2 are, independently, absent, or a straight- or bianched-chain, saturated or 
unsaturated C| to C20 alkyl or heteroalkyl gioup; 

each R* and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group; 

each W is, independently, hydrogen or a C| to C7 alkyl; 

each L is, independently, a straight- or branch6d-chain, saturated or unsaturated Ci to 
C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic ajkyl or cyclic 
heteroalkyl, a substituted or unsubstituted aryl or heteroaiyl group or a substituted or 
unsubstituted alkaiyl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wheiem Ae substituents are selected ftom the group consisting of 
halogen, hydroxy!, carbonyl, carboxylate, ester, formyl, acyl, thiocaibonyl, thioester, 
thioacetate, thiofoimate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiefy, heteroaromatic moiety, imino, silyl, ether, and 
alkyithio; 

R* and R** are independently a linkmg moiety; 

B and B' are independently a biologically-active molecule. 

misOorl; 

d is 0 or an integer fiom 1 to4; 
a is an integer from 4 to 10,000; and 
each n is Goran integer fiom 1 to 5. 

278. The method of claim 277 wherem B is a biologically-active peptide. 

279. The method of claim 278 wherein B is interferon. 

280. The method ofclaim 279 wherem B is interferon-beta-la. 

281 . The method ofclaim 277 wherein the composition further comprises a biologically- 
active agent selected from the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 

282. The metiiod of claim 28 1 , wherein the antiviral agent is selected from the group 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, 
viramide, VX-497, VX-950, and ISIS-14803. 

283. The method of claim 277, wherein the viral infection is chronic hepatitis C. 

284. A method of treating a patient with a susceptible viral infection, comprising 
administering to the patient an effective amount of a composition having the structure 
accordmg to Formula XXII: 
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FonnuIaXXU: 



P— X (CH2)d-C- 



1 

Z 



(CH2)r-R*— B 
p 



wherein 

P is a polyalkylene glycol polymer» 

X is O, S, CO, CO2, COS, SO, SO2, CONR*, SO2NR', or MR'; 

R' is hydrogen, a straight- or branched-chain, saturated or unsaturated C| to C20 alkyl or 
heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteioalkyl, a 
substituted or unsubstituted aiyl or beteroaryl group or a substituted or unsubstituted alkaiyl 
wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, Mtdierein 
Ifae substituents are selected from the group consisting of halogen, hydroxyl, caibonyl, 
caiboxylate, ester, formyl, acyl, thiocarbonyl, Ifaioester, Oioacetate, thioformate, aDcoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, aado, 
sulfhydryl, sulfate, sulfonate, sul&moyl, sulfonamido, sulfonyl, heterocyclyl, afalkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

each Z and Z* is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl 
or cyclic heteroalkyl, a substituted or unsubstituted aryl or heteroaryl group or a substituted or 
unsubstituted alkaryl wherein the alkyl is a Ci to C20 saturated or unsaturated alkyl or 
heteroalkaryl group, wherein the substituents are selected from the group consisting of 
halogen, hydroxyl, carbonyl, carboxylate, ester, foimyl, acyl, thiocarbonyl, thioester, 
fluoacetate, tfaiofomaate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino, amido, 
amidine, imine, cyano, nitro, azido, sulfhydryl, sulfate, sulfonate, sulfamoyl, sulfonamido, 
sulfonyl, heterocyclyl, aralkyl, aromatic moiety, heteroaromatic moiety, imino, silyl, eflier, and 
alkylthio provided that at least one Z or Z' is not hydrogen; 

R"^ is a linking moietj^ 

B is a biologically-active molecule. 

misOorl; 

each n is 0 or an integer from 1 to 5; and 
pis 1,2, or 3. 

285. The method of claim 284 wherein B is a biologically-active peptide. 

286. The method of claim 285 wherein B is interferon. 

287. The method of claim 286 wherein B is interferon-beta-l a. 
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288. The method of claim 284 wherein the composition further comprises a biologically- 
active agent selected ftom the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 

289. The method of claim 288, wherem the antiviral agent is selected from the gioup 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, 
viramide, VX-497, VX-950, and ISIS-14803. 

290. The method of claim 284, wherein the viral infection is chronic hepatitis C. 

291 . A method of treating a patient with a susceptible viral infection, comprising 
administering to the patient an effective amount of a composition having the structure 
according to Formula XXna: 

Formula XXna: 
P X (CH2)„ CH— R* 

Z 

wherein 

P is a polyalkylene glycol polymer; 

X is O, S, CO, CO2, COS, SO. SO2, CONR', SO2NR', or NR'; 

R* is hydrogen, a straight- or branched-chain, saturated or unsaturated Ci to C2oalkyl or 
heteroalkyl group, C3 to Cg saturated or unsaturated cyclic alkyl or cyclic heteioalkyl, a 
substituted or unsubstituted aryl or heteroaiyl group or a substituted or unsubstituted alkaryl 
wherein the allsyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein 
die substituents are selected fiom the group consisting of halogen, hydroxyl, caibonyl, 
carbox^ate, ester, formyl, acyl, thiocarbonyl, fluoester, ftioacetate, thioformate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, 
sulfiiydryl, sulfate, sulfonate, sul£unoyl, sulfonamido, sulfonyl, heterocyclyl, arall^l, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkyltiiio; 

Z is a straight- or branched-chain, saturated or unsaturated Ci to C20 alkyl or heteroalkyl 
group, C3 to Cz saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted or 
unsubstituted aiyl or heteroaryl group or a substituted or imsubstituted aDcaiyl wherein the 
alkyl is a Ci to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein the 
substituents are selected from the group consisting of halogen, hydroxyl, carbonyl, 
carboxylate, ester, foimyl, acyl, thiocaibonyl, thioester, thioacetate, thiofomiate, alkoxyl, 
phosphoryl, phosphonate, phosphinate, amino, amido, amidine, imine, cyano, nitro, azido. 
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sulfhydiyl, sul&te, sulfonate, suUamoyl, sulfonaiiiido, sulfonyl, heterocydyl, aiaBcyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, ether, and alkylthio; 

R* is a linking moiety; 

B is a biologically-active molecule. 

misOorl;and 

n is 0 or an integer &om 1 to 5. 

292. The method of claim 291 wherein B is a biologically-active peptide. 

293 . The method of claim 292 wherein B is interferon, 

294. The method of claim 293 wherein B is interferon-beta-1 a. 

295. The method of claim 291 wherein the composition further comprises a biologically- 
active agent selected from the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 

296. The method of claim 295, wherein the antiviral agent is selected from the group 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, 
viramide, VX-497, VX-950, and ISIS-14803. 

297. The method of claim 291, wherem the viral infection is chronic hepatitis C. 

298. A method oftreating a patient with a susceptible viral infection, comprising 
administermg to the patient an effective amount of a composition having the structure 
according to Formula XXTV: 



each X and Y is independentiy O, S, CO, CO2, COS, SO, SO2, CONR% SO2NR', or 

MR'; 

each R' and Z is independently hydrogen, a straight- or brancbed-chain, saturated or 
unsaturated Ci to C20 aOcyl or heteroalkyl group; 

each W is, independently, hydrogen or a Ct to C7 allcyl; 

Q is a C3 to Cs saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a substituted 
or unsubstituted aiyl or heteroaryl group, or a substituted or unsubstituted alkaryl wherein tiie 
alkyl is a C] to C20 saturated or unsaturated alkyl or heteroalkaryl group, wherein the * 
substituents arc selected from the group consisting of halogen, hydroxyl, carbonyl. 



Formula XXIV: 




•(CHj)^— (Y)ri— Q X— CW2CW2— ((Kni2CH2)r-X— (CH2)h^ 




z 



wherein 
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caiboxylate, ester, fonnyl, acyl, thiocaibonyl, thio^r, fluoacetate, thioformate, alkoxyl, 
phosphoiyl, phosphonate, phosphinate^ amino, amido, amidine, imine, cyano, nitro, azido, 
sulfliydzyl, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, aralkyl, aromatic 
moiety, heteroaromatic moiety, imino, silyl, etiier, and alkyl&io; 

R* and R"^* are independently linking moieties; 

B and B' are independently biologically-active molecule^ 

misOorl; 

a is an integer from 4 to 10,000; and 

each n is independently 0 or an integer from 1 to 5. 

299. The method of claim 298 wherein B is a biologically-active peptide. 

300. The method of claim 299 wherein B is interferon. 

301 . The method of claim 300 wherein B is mterferon-beta- 1 a. 

302. The method of claim 298 wherein the composition further comprises a biologically- 
active ageht selected from the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 

303; The mefliod of claim 302, wherein the antiviral agent is selected from the group 
consisting of ribavirin, levovixin, 3TC, FTC, MB686, zidovudine, acyclovir, gancyclovir, 
viramide, VX-497, VX-950, and ISIS-14803. 

304. The method of claim 298, wherein the viral infection is chronic hepatitis C. 

305. A method of treating a patient with a susceptible viral infection, comprising 
administering to the patient an effective amount of a composition having the structure 
according to Formula XXV: 



X is O, S, CO, CO2, COS, SO, SO2, CONR', SO2NR', or NR'; 
each and Z is independently hydrogen, a straight- or branched-chain, saturated or 
unsaturated Ci to C20 alkyl or heteroalkyl group; 

R* and R'"'^ are independentiy a linking moiety; 

B and B' are independently a biologically-active molecule; 

each W is, independent!/, hydrogen or a Ci to C7 aftyl; 



Formula XXV: 




(CH2)b X CWjCWj-CO-CHjCHj).— X — (CHz)^ 




z 



wherein 
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a is an integer from 4 to 10,000; and 

each n is independently 0 or an integer fiom 1 to S . 

306. The method of claim 305 wherein B is a biologically-active peptide. 

307. The mefliod of claim 306 wherein B is interferon. 

308. The method of claim 307 wherein B is interfebn-beta-l a. 

309. The method of claim 305 wherein the composition further comprises a biologically- 
active agent selected from the group consisting of a small molecule antiviral, a nucleic acid 
antiviral and a peptidic antiviral. 

310. The method of claim 309, wherem the antiviral agent is selected from the group 
consisting of ribavirin, levovirin, 3TC, FTC, MB686, zidovudine, acyclovir, g^ncyclovir, 
viramide, VX-497, VX-950, and ISIS-14803. 

311. The method of claim 305, wherein the viral infection is chronic hepatitis C. 

312. A method of treating a patient suspected of having hepatitis C infection, comprising 
administering to the patient a combination of the composition of any one of claims 209-220 
and an antiviral agent. 

313. The method of claim 312, wherem the composition and the antiviral agent are 
administered simultaneously. 

3 14. The method of claim 312, wherein the conotposition and die antiviral agent are 
administered sequentially. 

315. The method of claim 312, wherein tibe composition and ttie anttviral agent are 
administered alternatively. 

316. The method of claim 312, wherein flie antiviral agent is ribaviriiL 
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